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This memoir is the third and final part of the generalreport on the oceanographic
survey of the Gulf of Maine.l

. Key charts to the stations will be found .in th~ preceding part of this volume
(Bigelow, 11)26, figs. 1-9) ; the dates and positions are .tabulated below (p. 976). with the
physical data.

The chapter on hydrodynamics has been made POflsible by Lieut. Commander
E. H. Smith's collaboration; R. Parmenter tabulated the physical data for the Fis"4
Hawk cruises of 1925, collaborating also in the charts anq discussion based thereon,

Records of temperature or salinity have been contributed by R. A. Goffin"
Wm. C. Schroeder, Capt. G. W. Carlson, Capt. G. W. Greenleaf, C. G. Corliss, and Dr.
C. J. Fish of the Bureau of Fisheries. Capt. John W. MacFarland, from his schooner
Victor, and Henry Stetson and T. C. Graves, from their ya<fhts, also have taken
welcome observations.

lowe a debt of gratitude also to Dr. A. G. Hunts~an, who has generously
allowed quotation from his report on Canadian drift~bottle experiments in advance
of publication, and who contributed other data acknowledged in the appropriate
connections; to Dr. J. P. McMurrich, who has offered the use of his unpublished
data on temperatures at St. Andrews,' New Brunswick; and to the late Dr. A. G.
Mayor, who contributed the colorimetric tubes used in the determination of alkalinity
on the Albatross and Halcyon cruises of 1920-21.

OCEANOGRAPHIC HISTORY
1. GULF OF MAINE PROPER

The first Gulf of Maine temperatures, so far as I can learn, were taken in October,
1789, by Benjamin Franklin's nephew, Jonathan Williams, who read the "heat of
the air and water at sunrise, noon, and sunset" (1793, p. 83) on a voyage from
Boston to Virginia, and found the surface 8.90 C. (48° F.) off the mouth of Massa
chusetts Bay on October 11, warming to 11.1° (52° F.) off Chatham on Cape Cod,
to 15° (59° F.) over the outer part of the continental shelf south of Nantucket, and
to 18.3°-19.4° (65° to 67° F.) in the inner edge of the Gulf Stream outside the edge
of the continent on the 13th-readings that agree very well with the usual distribu
tion of temperature for that season. On another voyage (from Halifax to New York)
during the last week of July, 1790, he again took temperatures on Roseway Bank,
Browns Bank, and in the gully between them; also along the. southern side of Georges
Bank (53° to64° F.). .

Enough readings of the surface temperature of the Gulf of Maine had accumulated
during the first half of the nineteenth century to permit Maury (1855 and 1858) to
show its coastal belt and the Bay of Fundy as between 50° and 60°, its southern side
out to the continental edge as between 60° and 70° in July, and the entire gulf as
colder than 50° in March. 2

I The first part was devoted to the flshes (Bigelow and Welsh, 1925); the seoond to the plankton (Bigelow, 1926) .
• Petermann (1870) more correctly interprets the individUal readings reproduced on Maury's (1852) thermal chart by showing

the Inner parts of the Gulf of Maine as 54.5° to 59° and the Georges Bank-Nantucket Shoals region as about 59° to 65.5° In July
about 32° and 32° to 41°, respectively, In January
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The first attempt to measure the temperature of the gulf below the surface was
made in the summer of 1870, when Verrill (1871, p. 3) found the water virtually homo
geneous, surface to bottom, in PassamaquoddyBay, thoughreadings with thermometers
of the maximum-minimum type established a considerable range of temperatures on
the offshore slope of Georges Bank (Verrill, 1873; Sanderson Smith, 1889, p. 887).

Two summers later surface and bottom temperatures were taken at a large num
ber of stations in the neighborhood of Casco Bay from the Fish Commission steamer
Blue Light (Verrill, 1874, 1874a), and also at various localities in deep water in the
western side of the gulf by the Coast Survey steamer Bache (Sanderson Smith,
1889, p. 885; Packard, 1876). As a result of this summer's work Verrill was able to
bring to scientific attention the contrast between the low bottom temperature and
the warm surface of the western side of the gulf.

The survey was continued by the Bache in the summer of 1874 at about 40 dredg
ing stations in the western side of the Gulf of Maine, in depths of 27 to 113 fathoms
(Sanderson Smith, 1889, p. 886). No observations were taken in the gulf in 1875
or 1876; but in 1877 the Fish Commission, from the Speedwell, in connection with a
survey of the bottom fauna, took surface and bottom temperatures in the northern
part of Massachusetts Bay, with serial observations at several stations on a line
crossing the gulf to Cape Sable.

Unfortunately, none of the subsurface temperatures taken in the gulf up to that
date were even approximately dependable, according to present-day standards,
because the Miller-Casella thermometers employed were not only unreliable (Verrill,
1875, p. 413), but, being of the maximum-minimum type, they would register merely
the lowest temperature at each station, which was not necessarily at the level at
which the reading was ostensibly taken. Modern oceanographic research in the gulf
may therefore be dated from the summer of 1878, when the Speedwell took temper
atures in Massachusetts Bay and off Cape Ann, including serials at 31 stations (San-

. derson Smith, 1889, p. 905; Rathbun, 1889, p. 1005), with reversing thermometers.
This type, improved from time to time, has been employed regularly ever since.
The Speedwell worked again in the gulf in the summer of 1879 (Sanderson Smith,
1889, p. 909; Rathbun, 1889, p. 1006). In June, 1880, the Blake took surface
and bottom readings at three stations inside the 200-fathom contour on the eastern
part of Georges Bank (Rathbun, 1889, p. 972, and A. Agassiz, 1881), while in
August the Fish Hawk obtained similar data off Chatham, Cape Cod, in 10 to 43
fathoms (Rathbun, 1889, pp. 922-923), but did not visit the more northern parts of
the gulf.

The year 1882 is an important one in the annals of North American oceanography,
because that spring saw the oft-quoted destruction of the tilefish a and of the inver
tebrate fauna that inhabited the warm band along the edge of the contment, pre
sumably by flooding with very cold water. During the following August the Fish
Hawk took observations south of Marthas Vineyard and made one trip to the 100
fathom line east of Cape Cod (Rathbun, 1889, p. 925).

Surface and air temperatures were recorded from early spring to late autumn at
several lighthouses and lightships along the coast of the gulf from Nantucket Shoals
to Petit Manan during the years 1881 to 1885, the 10-day averages of which are

I For an account of this event and of the lIt'adual reestablishment of the species see BIgelow and Welsh, 1925.
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tabulated by Rathbun (1887) . The very la.rge number of temperatures taken on the
lightships in the ordinary routine since that time have not been examined critically,
however.

The Albatro88 occupied a large number of dredging stations along the offshore
slope of Georges Bank during 1883, 1884, 1885, 1886, and 1887, but only five of her
serial readings and a few of the bottom records fall within the limits of the Gulf of
Maine.' An extensive series of temperatures taken by Dr. W. C. Kendall at the
surface and at small depths in the western part of the gulf, in oonnection with mack
erel investigations carried out by the Grampus in 1897, also deserves mention (p. 594).

A gap follows in the thermal history of the gulf until the summer and autumn
of 1904, when the Tidal Survey of Canada took a large number of surface and subsur
face temperatures in the Bay of Fundy region and off the west coast of Nova Sootia
(Dawson, 1905, 1922). Many of these were repeated in 1907. In July, 1908, afew
readings were taken from the Grampus in the region of Nantucket Shoals.

The reestablishment of the biological station of the Biological Board of Canada
at St. Andrews, at the mouth of the St. Croix River, in 1908 marks an epoch in the
oceanographic study of the Bay of Fundy region. The first published survey of the
temperature and density (the latter determined by hydrometer) in the neighbor
hood of St. Andrews was carried out in July, 1910 (Copeland, 1912). Since then
the taking of temperatures and of salinity has been a regular part of the station's
work, and such of the data as have been published are mentioned below.

Although the preceding summary may seem somewhat formidable, very little
was yet known of the subsurface temperatures of the offshore parts of the gulf, even
in summer, for only one small area in its western side had been examined with
satisfactory instruments. Nor had anything been learned of its winter state or of
the salinity of its deep waters at any time of year until 1912. In that year the
United States Bureau of Fisheries and the Museum of Comparative Zoology jointly
undertook the general oceanographic exploration of the gulf, which, continued to
date under my direction, has been the foundation of this report and of those that
have preceded it (Bigelow, 1914 to 1926; Bigelow and Welsh, 1925).

The first fruits were the serial records at 46 stations (10001 to 10046) in the
northern half of the gulf during that July and August (p. 978; Bigelow, 1913, 1914),
including the first determinations of the salinity of the water of the gulf by the
titration method (p. 976) that for some years had been in general use on the other
side of the Atlantic. This, subsequently, has been a routine part of our station work.
Observations were taken bimonthly off Gloucester by the Blue Wing during the
winter of 1912-1913; north of Cape Cod during the following spring by W. W.
Welsh (stations 10047 to 10056; W. W. Welsh stations 1 to 32; and Bigelow, 1914a);
also a few temperatures and water samples between Massachusetts Bay and Georges
Bank by Thomas Douthart and W. F. Clapp (table, p. 980).

The Grampus carried out a general survey of the western and northern parts of
the gulf in the summer of 1913 (stations 10057 to 10061,10085 to 101l2,p.982; Bigelow;
1915), as well as of the coastal waters between the longitudes of Marthas Vineyard and
Chesapeake Bay. This was followed by a more comprehensive oceanographioexami
nation of the offshore banks, as well as of the inner parts of the gulf and of the coastal

• For these Albatro" data see Townsend (1901, dredging stations 2053, 2054, 2060-2064, 2068, and 2522).
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shelf eastward along Nova Scotia to Halifax in the SUllllller of 1914 (stations 10213
to 10264, p. 985; Bigelow, 19Mb, 1917). Temperatures&Ild water s~:tnples (density
of the latter determined by hydrometer) were taken at many localities in the Bll-Y of
Fundy region that summer and the following winter from the biological station at
St. Andrews (Mavor, Craigie, and Detweiler, 1916; Craigie, 1916,191680; McMurrich,
1917; and Doctor McMurrich's unpublished plankton lists). In 1915 the Grampus
crUised in' the gulf .from spring to midautumn (stations 10266 to 10339, p.987;
Bigelow, 1917). Craigie (Craigie and Chase, 1918) likewise took serial temperatures.
in the Bay of Fundy, in Annapolis Basin., and in St. Marys Bay, as well as salinities
lithe latter (Vachon, 1918).

That same summer is memorable in oceanographic annals for the gen.eral survey
E)feastern Canadian waters carried out by the Canadian Fisheries Expedition (Hjort,
1919; Sandstrom, 1919; Bjerkan, 1919). This, however did not touch the Gulf of
Maine region except for one profile crossing the shelf off Shelburne, Nova Scotia, in
July.

It is a fortunate chance that the western and southwestern parts of the gulf, on
the one hand (stations 10340 to 10357, 10398 to 10404; Bigelow, 1922 5

), and the
Bay of Fundy, on the other (Vachon, 1918), both were studied in 1916, for that
summer and autumn followed an almost Arctic winter and a backward spring.

Exploration of the offshore waters of the Gulf of Maine was interrupted by the
war, except that serial observations were taken at a station between Grand Manan
and Nova Scotia by the St. Andrews station at intervals from 1916 to 1918.

In 1919 work was resumed, when the United States Coast Guard cutter
Androscoggin, on ice patrol, ran profiles across the gulf in March, April, and May
(United States Coast Guard stations 1 to 3, 19 to 22, 35 to 38, p. 997; E. H. Smith,
1924, p. 103), while Mavor (1923) made an oceanographic survey of the Bay of Fundy
in August. Study of the surface currents of the Bay of Fundy by drift bottles also
was inaugurated by the St. Andrews station during that summer (Mavor, 1920 to
1923), and later was expanded into a joint project to cover northeastern American
waters generally.

Prior to 1920 attention had been directed chiefly to the state of the gulf during the
warm half of the year. To remedy this seasonal deficiency the Albatross carried out
a general survey of the entire region from February to May, 1920 (stations 20044 to
20129, p, 998; United States Bureau of Fisheries, 1921), while the Halcyon cruised in the
northern half of the gulf during the following December, January, and March. The
Hcilcyon also occupied a net of oceanographic stations in Massachusetts Bay during
August; 1922, and has made scattered observations at various seasons since then
(stations 10631 to 10645, p. 995, and unnumbered stations, p. 1012). Finally, the
Fish Hawk took temperatures and salinities at many stations in Massachusetts and
Cape Cod Bays at intervals during the winter and spring of 1924-25 (p.l004).

The following lines of drift bottles have been set out in the Gulf of Maine since
1919: July, 1922, one line running southeasterly from Cape Elizabeth to the center
of .the gulf; another from the southern angle of Cape Cod southeasterly out across
the edge of the continent; and likewise a line off New York. .A line also was set out

I The operations ot the Grampus In 1916 were in the Immedlatecbarge ot W. W. Welsh.
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off Cape Sable that summer bythe Biological BoardofCanada, besidesseveral other
lines farther east (p. 908). During August, 1923, lines of bottles were set out normal
t6 the coastline off Mount Desert, Cape Elizabeth, Cape Ami, and Cape Cod (p: 874):
and a much larger number of bottles was put out in more eastern Nova Scotian
waters by the Biological Board of Canada, some of which have drifted to the Gulf of
Maine, as described below (p. 908). No bottles were put out in the Gulf of Maine
proper in 1924, although lines were run across Vineyard and Nantucket Sounds. Some
Q,f the many Canadian bottles put out that summer off the outercoast of Nova Scotia
have been picked tip in the Gulf of Maine. Finally, bottles were put out in Massa
c~usettsand Ipswich Bays in February, April, and May, 1925; in Massachusetts
Hay again by Henry Stetson in April, 1926, and off Cape Nedickby T. E. Graves
that July, from their y~chts (pp. 878, 879).

The measurements of currents, which have been taken in the gulf by the Tidal
Survey of Canada and by the United States Coast and Geodetic Survey, are mentioned
ill a later chapter (p. 857).

2. CONTINENTAL SHELF SOUTH OF NANTUCKET AND MARTHAS
VINEYARD

The earlier explorations in this area are summarized in a previous report (Bige
low, 1915), hence they may be passed over briefly here.

The general range of surface temperature south of Woods· Hole is now well
known for the summer season, thanks to the early explorations by the vessels of the
Bureau of Fisheries, notably in 1880 to 1882 (Tanner, 1884 to 1884b) and in 1889
to 1891 (Libbey, 1891, 1895). Daily records of temperature of air and water also
have been recorded for many years at Woods Hole,G and observations have been
taken on the various collecting trips carried out summer after summer from that
station. .Dickson (1901) likewise has collected a large number ofsurface tempera
tures from. the logs of vessels, and the Grampu8 has crossed this part of the conti
nental shelf on several recent cruises.

A large number of subsurface temperatures and determinations of salinity by
hydrometer also have been taken from Marthas Vineyard and Nantucket out to
the edge of the continent and beyond, beginning with the early dredging trips of
the vessels of the Fish Commission (1880 to 18817) and continued by Libbey in 1889,
1890, and 1891. Libbey continued his study in subsequent years, but the results
never have been published; nor, except in a few instances, have the bottom tem
p'eratures taken subsequently on the various dredging trips sent out to the waters
south of Marthas Vineyard from the Woods Hole station of the Bureau of
Fisperies.

In 1908 the Grampu8 took temperatures in 31 to 400 fathoms southward from
~antucketShoals (p. 595; Bigelow, 1909). In July, 1913, she occupied several ocean
ographic stations in that general region, working southward thence to Chesltpeake
Bay (Bigelow, 1915; stations 10062 to 10084). During that August she took
surface temperatures from Cape Cod to Cape May (Bigelow, 1915, p. 350); in 1914

-These"are summarized by Sumner, Osburn, aud Cole (1913) and by Fish (1925). .
'For r~ords of temper8J;llre during this period, see Sanderson. S:mlth (1889); for tho .Albatross stations, see Tanner (l884a,

18Mb) and"Townsend (1901).

8951-28-34
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and 1915 she ran oceanographic profiles across the slope abreast of Marthas Vine
yard in August and October, mentioned above (p. 517). In 1916 she again made
summer and November cruises from Gloucester to Chesapeake Bay (Bigelow,
1922).

TOPOGRAPHY
The indentation of the coast between Cape Sable, at the southeast angle of Nova

Scotia on the east, and Cape Cod and Nantucket Island, on the west, seems to have
gone unnamed until late in the last century, when it was christened "Gulf of Maine."
As outlined by the coast, the gulf is roughly rectangular, much wider (about 200 miles)
than deep (about 120 miles). It is a far better marked natural province below the
surface of the sea than the shallow recession of its shore line would suggest, for its
southern boundary is marked by a shallow rim, or "sill," pier6ed by three narrow
passages only. Passing eastward from Nantucket, with its off-lying shoals, these,
successively, and the banks that separate them, are: The South Channel (not very
well defined and only 40 to 50 fathoms deep), Georges Bank, the Eastern Channel,
Browns Bank, the Northern Channel, and finally the Seal Island or coastal bank off
Cape Sable. This rim, as Mitchell (1881) long ago pointed out, 259 miles in length
from Nantucket to Cape Sable, follows, in its main outlines, the arc of a circle whose
radius is about 167 miles. Along this arc the length of Georges Bank, from the
deepest trough of the South Channel to the 50-fathom contour on the slope of the
EMtern Channel, is about 140 miles, with a greatest breadth of about 80 miles from
north to south between the 50-fathom contours. Between these same contours of
the Eas~rn Channel and of the Northern Channel each occupies about 25 miles of
the a~ In round figures, the area of Georges Bank is 10,000 square miles; that
portion of Browns Bank west of longitude 65° 30' W. (t!1ken as the arbitrary bound
ary~f the region under discussion) is about 550 square miles.

LThe area of the gulf north of the rim is given by Mitchell as about 36,000 square
niile~.) The coast line of the gulf, as it would appear on a small-scale chart, follows
It fairlY regular curve, but in detail it is extremely complex; for the northern and
eastern shores are not only frequently and deeply embayed, but are bordered by a
perfect labyrinth of islands, large and small, extending in places 10 to 20 miles sea
ward from the mainland. Its largest bays (Massachusetts on the southwest and the
still larger Bay of Fundy on the northeast) are too weU known to need more than
passing mention.

The coast of the Gulf of Maine falls into two main types, Cape Elizabeth mark
ing the transition from one to the other. South of this headland the shore line is
characterized by a succession of sand beaches alternating with bold headlands, nota
bly Cape Ann, and with rocky stretches, which in Cape Cod Bay give place to the
continuous sand strand of the cape. Along this part of the coast there are but few
islands, except in Boston Bay, and the fjord type of indentation is notably absent.
East of Cape Elizabeth, on the contrary, the shores of the State of Maine are almost
continuously rocky, as are the islands of the outlying archipelago already mentioned;
and deep bays succeed each other in close succession as far as the mouth of the
Bay of Fundy. As a whole, the shores of the gulf are low,seldom rising to more
than 100 to 200 feet in the immediate neighborhood of the sea; but the Camden hills
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and the mountains of Mount Desert (with the maJdmum elevation of 1,500 odd feet)
are exceptions to this rule, while the cliffs of the north shore of Grand Manan rise to
a height of 200 to 300 feet, almoRt sheer from the wltu-r.

DEPTH OF THE GULF8

If we take the 50-fathom (virtually t4e 100-meter) contour as marking the con
fines between the peripheral and central parts of the gulf (a natural boundary, because
this level not only outlines the northern slope of Georges Bank but includes virtually
all the outlying islands), the coastal shallows to the east, north, and west and the
rim on the south inclose a bottle-necked basin that communicates with the open sea
by two narrow channels only-the eastern and northern.(The Eastern Channel, at
its narrowest point between Georges and Browns Banks, IS about 140 fathoms (256
meters) deep along its trough; the Northern Channel is 65 to 80 fathoms (120 to 145
meters), with a maximum of 78 fathoms (143 meters) in the narrows between Browns
Bank and the Coast Bank. North of the rim the deepest water (100 fathoms, or 200
meters and over) takes roughly the form of a Y, with its two arms extending west
ward and northeastward. As these two troughs apparently were unnamed, I have
christened them the" western" and" eastern" basins. They join in the southeast
corner of the gulf, where they are continuous with the Eastern ChannA!. As Mitchell
(1881) has pointed out, more than 10,000 square miles of the gulf are deeper than IOC
fathoms. The gulf is deepest just inside the entrance to the Eastern Channel and
close to the northern slope of Georges Bank as a trough some 50 miles long (west
and east), with 150 fathoms (275 meters) or more, and a maximum of 184 fathoms
(336 meters).,""There is also a second, smaller bowl, deeper than 150 fathoms (180
fathoms, or~ meters, maximum) in the inner part of the western branch of the Y,
off Cape Ann.

Over the south-central region of the gulf (that is, the region of union of the two
arms of the basin) the depth is generally from 100 to 120 fathoms (180 to 220 meters),
varied, however, by many shoaler spots of 90 to 100 fathoms and by occasional
deeper soundings of 120 to 135 fathoms (220 to 250 meters). The configuration of
the bottom makes the fathom a more instructive basis for contour lines than the
meter in just this region; for whereas the 100-fathom curve includes the whole basin,
the 200-meter contour, though differing so little in actual depth, is much interrupted
here by ridges of 180 to 190 meters, obscuring the essential troughlike conformation
of the basin. In the western arm of the basin the water is deepest 45 miles east of
Cape Ann; in the eastern arm it is deepest in the extreme northeast corner (145
fathoms, or 265 meters). In both branches the general level of the basin floor is
from 115 to 130 fathoms (210 to 238 meters).

BANKS AND SINKS

Isolated sinks or pot holes are numerous; indeed, the deeps of the two basins
just mentioned are such. Most of these do not fall deep enough below the sur
rounding bottom to call for any special comment, but three such bowls are so deep

8 On the ordinary navigational chartsof the region, published by the United Stat&~ Coast and Geodetic Survey and the United
States Hydrographic Office, the depths are given In fathoms. Consequently, the following discussion is also In fathoms, but
w th the equivalents In meters fIlso stated.
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and are inclosed by rims so much shallower that they have been made the field of con
siderable hydrographic in'Vestigation. These, for want of better names, I may
christen (1) the Cape Ann sink, lying near Stelhvagen Bank, centering about 12miles
southeast of Cape Ann, havi:Qg a general depth of 50 to 70 fathoms (91 to 128 meters)
and a greatest depth of 99 fathoms (181 meters), and inclosed.by a continuous rim
of 40 fathoms (70 to 75 meters) .or shallower; (2) the Isles of Shoals sink, centericg
~8 miles northeast of Cape Ann, having a 'general depth of 80 to 100fathQms (146
to 183 meters), and inclosed on the south and east by the shallows of Jeffreys Ledge
and on the north by depths of 60 to 70 fathoms (110 to 128 meters). The Fundy
deep,south of Grand Manan Island at the mouth of the Bay of Fundy, is a basin
some 27 miles long, with 100 to 112 fathoms (183 to 205 meters) and its deepest
spot 165 fathoms (302 meters).

The two arms of the deep trough or basin of the gulf are separated by a roughly
~riangular area, with depths ranging generally from 70 to 90 fathoms (128 to 165
meters) but rising at its apex (roughly, in the center of the gulf) to within 472 fathoms
(8 meters) of the surface, as the dangerous, rocky shoal known as Cashes Ledge, the
patch less than 30 fathoms (55 meters) deep being about 6 miles long in a southwest
J;l.Ortheast direction. Other offshore shoals in the gulf proper, which deserve mention
here because I shall have occasion to refer to them later as landmarks, are as follows:

1. Stellwagen Bank, lying between Cape Cod and Cape Ann at the entrance to
J:v1assachusetts Bay, 9 to 20 fathoms (16 to 37 meters), with deeper channels north
and south of it.

2. Jeffreys Ledge, a narrow ridge extending northeasterly from Cape Ann for
a;bout 45 miles, with depths less than 50 fathoms (91 meters), shoalest place 18
fathoms (33 meters).

3. Platts Bank, situated about 34 miles east-southeast from Cape Elizabeth,
which rises to within 29 fathoms (53 meters) of the surface.

4. Jeffrey Bank, ofl Penobscot Bay, some 26 miles south of the outermost islet
(Matinicus Rock), where there is a small area within the 50-fathom curve with a
shallowest depth of 46 fathoms (84 meters).

5. Grand Manan Bank, a small shoal about 7 miles long lying about 18 miles
south of Grand Manan Island; general depth 30.to 40 fathoms (55 to 73 meters).

6. Lurcher Shoal,a patch of broken, rocky bottom 1.5 to 20 fathoms (3 to 37
meters) deep, 15 miles off Yarmouth, Nova Scotia.

7. German Bank, a considerable but vaguely defined area west of Cape Sable,
with depths of 30 to 35 fathoms (55 to 64 meters) bounding the debouchment of the
Northern Channel into the basin of the gulf. .

Mitchell (1881) has calculated that the mean depth ·of the gulf north of the sill,
including its navigable bays and tributaries, is about 75 fathoms (137 meters).

The banks that form the southern sill of the gulf have been described frequently,
and because of· their importance in navigation their main features are summarized in
the coast pilots issued by the British and United States Governments. The di
mensions and area of Georges Bank, one of the most famous and productive fishing
grounds in the North Atlantic, are mentioned above (p. 518). On the southern and
eastern parts the depths range, in round numbers, from 30 to 40 fathoms (55 to
73 meters). Over its northwestern one-third the water is shallower, with a consider-
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In more or less inclosed coastal seas, where the salinity of the water is influenced
greatly by the amount of inflow from rivers and smaller streams, the extent of the water
shed and amount of run-off of fresh water demand consideration. The land area tribu
tary in this way to the Gulf of Maine includes something over one-third of the State of
Massachusetts, two-thirds of New Hampshire, the entire State of Maine, half of the
Province of New Brunswick, a small part of the Province of Quebec, and the north
western and western coastal strips of·Nova Scotia-altog~ther,in round numbers, some
61,300 square miles. No large rivers empty into the gulf south of Cape Ann; north,
of tha.t point the chief tributaries, with their approximate drainage areas in square
miles, are (1) the Merrimac, 4,553; (2) the Saco, 1,753; (3) the Presumpscot, 47fr;
(4) theAD.droscoggin, 3,700; (5) the Kennebec, 6,330; (6) the Penobscot, 8,550;
(7) the Machias, 800; (8) the St. Croix, 1,630; and (9), chief of all, the St. John,
draining no less than 26,000 square miles. That is to say, the nine principal tribu
taries drain together over 53,000 square miles, or five-sixths of the total watershed.
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TEMPERATURE
FEBRUARY AND MARCH

It is most convenient to begin the aooount of the temperature of the Gulf of
Maine with the late winter and early spring, when the water has cooled to its
minimum for the year and before vernal warming has proceeded to an appreciable
degree.

No definite date can be set for this state because of regional and annual varia
tions, but experience in 1913, 1920, and 1921 suggests that the lowest temperatures
are to be expected over the gulf as a whole during the last week of February and
first few days of March, except from Cape Sable out to the neighboring part of the
basin, where the surface is coldest some weeks later, when the Nova Scotian current
is flowing from the east past Oape Sable in greatest volume (p. 832). The tempera
tures recorded during the February-March cruise of 1920 may not have been the
absolute minimum for that year, but the preceding winter had been so cold, with
snowfall so heavy, that probably the open gulf is never more than fractionally colder
than we then found it. The coastal belt may then be expected to chill below 2° at
the surface all around the gulf by the end of winter (fig. 1), its central and offshore
parts continuing slightly warmer (about 2.5° to 3.5°). In 1920 a surface tongue
equally cold had also developed off southern Nova Scotia by the middle.of March,
spreading westward across Browns Bank but separated from the coast by slightly
warmer (2.2° surface) water close to Shelburne. Present knowledge of the seasonal
fluctuations of the Nova Scotian current (p. 832) also make it likely that some such
development is to be expected yearly.

SURFACE

522

'rhesurface temperature falls .fractionally below 0° in Oape Ood. Bay during
winters when ice forms there in any amount. Thus in 1925, for example, the whole
column of water in its central and eastern sides, in 12 to 34 meters depth, chilled
to -004° to -0.7° by February 6 to 7, warming again to 1° to 2° by February 24.
Passamaquoddy Bay chills to nearly as Iowa figure (0.77° at 20 meters, February
23,1917; Willey, 1921).

If the winter of 1924-25 can be taken as typical (as seems fair, because rather a
greater amount of ice formed in Oape Ood Bay than usual, although the air tem
peratures averaged warmer than normal and the snowfall less), a line from the tip
of Oape Ood to Boston Harbor will bound this 0° water in the Massachusetts Bay
region. Equally low temperatures no doubt prevail on the surface in the inner parts
of the bays and among the islands along the coast of Maine in winters when much
ice forms there.

By contrast it is not likely that the surface of the basin of the gulf, including
the western part of the Bay of Fundy, ever cools below 2° at any season except for
a brief period later in the spring (p. 681), when the surface in the eastern side may be
chilled to 0° by the icy Nova Scotian current flowing past Oape Sable from the east.
Minimum readings of 3° to 4° are to be expected over the southern side of the basin
.and on the eastern part of Georges Bank; 4° to 5° over its western half and off its
southwestern slooe.
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An extreme range of about 5° surface temperature thus may be expected over
the whole area of the gulf at the end of the winter, ands. range of about 4° in its
inner parts.

Fig. 1,-TemPllrature at tbe sUrface, FebruarY~Marob. 1920

VERTICAL DISTRIBUTION

At the end of the winter the temperature is very nearly uniform, vertically, doWn
toa depth of 100 meters, rising> slowly with increasing depth below that level. This
state e<>ntinues into March, until the climbing sun has warmed the surfaceappreci
ably. Whether the water is coldest immediately at the surface or 10 to 20 meters
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down at the end oi :february depends on the precis~ locality, on the state of the
w~ather during the few days .preceding,and, locally, on the stage of the t~de, a. ques
tion taken up in connection with the autumnal and winter cooling of Massachusetts
Bay (p. 649). Our March cruise of 1920 began a few days after the temperature had
passed its minimum for the year, the surface being fractionally warmer than the
deeper water; but the temperature was still so nearly uniform vertically that the
range was less than lOin the upper 100 meters at most of the March stations within
the outer banks (figs. 2 to 11). Most of the individual stations also showed a
slight warming from the 20 to 40 meter level down to .100 meters, except in the sink
off Gloucester (station 20050), where the bottom water was fractionally the coldest.
Wherever the water was deeper than 100 meters a decided rise in temperature was
recorded from that level downward. Thus the temperature off Cape Ann (station
20049) was 2.60 higher at 200 meters than at 100, and from 10 to 30 warmer at- 175
meters than at 100 elsewhere. in the basin of the gulf. The highest temperatures
recorded inside Georges Bank during March, 1920, were at 150 to 250 meters, as fol-
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August 23, 1922 (station 10640); F, August 20, 1915 (station 10106)
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lows: Station 20049,5.66° to 5.63° at 180 to 200 meters; station 20053,5.390 at 225
meters; station 20054,5.40 to 5.480 at 175 to 250 meters; station 20055, 5.59° at 220
meters; station 20081, 5.39° at 200 meters. Thus, generally speaking, the deepest
water of the gulf is the warmest and the superficial stratum the coldest at the begin
ningof the spring. A glance at the temperature sections (figs. 2 to l1)'will sho)V how
wid~ly this differs from the summer state.

TEMPERATURE AT 40 METERS

It is probable that the narrow band of 0° to 1° water that skirts the whole coast
line from Massachusetts Bay to the Grand MananOhannel on the '~l:O-meter chart
for February and March (fig. 12) reflects conditions as they existed at the sur
face a week or 10 days earlier in the season. Readings higher than 1° everywhere
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else, even after the uJlufiJUtllY.Mverewinter oh1920,make itsemn unlikely that the
offshore parts of the gulf ever chill below 1Oat the 40-~eter level.. Temperatures
of·1° to 2° at 40 to 50 meters ~n Massachusetts Bay e~TlY in 'February, 1925' (p;658),
contrasting withOAOon March 5, 1920 (station 20062), suggest that this stratum is
about 1° warmer after a warm winter than after a cold one.

Risingtemperature, passing offshore to 2° to 4° over the banks, with an abrupt
transition to rimchhigher'Values (9°) a few miles to seaward Of the edge of the con·
tinent,is themostJnstructive general feature oHhis 40-meterchart. This, howe'Ver,
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FIG. 3.-Vertical distribution of temperature off northern Cape Cod, Marcb to JUly. A, Marcb 24,1920 .

(station 20088); B, April 18, 1920 (station 2(116); C, May 16, 11120 (station 20125); D, July Ill, J,lll(
(station 10214) .

W3!! complicated at the time by an expan!3ion of water ,colder than that across the
ea.ste:t:nend of Georges Bank from the neighboring part of the basin, alternating with
a warintongue that intruded inward along the Eastern Channel and a second are~
of col~ (2°) 'Water that reac~ed Browns Bankfrom the eastward.ll

• Aptolllemn from Shelburne, Nova Bcotla,to tbe edge attbe continent in Marob (stations 20073 to 20077) affords aoreill.
seqtlon o!tbls.
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TEMPERATURE AT 100 METERS AND DEEPER

In February and March, 1920, the entire basin of the gulf was warmer than 1.5°
at 100 meters (fig. 13); all but its northwestern margin was warmer than 2°.. The
most noteworthy features of the chart for this level are the very striking contrast
between the cold inner waters of the gulf (1° to 3°) and the high temperature (7° to
.13°) outside the edge of the continent, with the clearly outlined tongue of compara
tively warm (4° to 6°) water entering via the Eastern Channel (better defined at
this level than at 40 meters) to extend northward and northwestward along the east
ern branch of the trough, which deserves special attention. The influence of this
warm. indraft also is'made evident around the northern slope of Georges Bank, west-
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FIG. 4.-Vertlcal distribution of temperature at the mouth ot Massachusetts Bay, March to August. A, March
1,1920 (station 200(0); B, April 9, 1920 (station 20090); C, May 4, 1920 (station 20120); D, May 16, 1920
(station 20124); E, July 20, 1912 (station 10002); F, August 22, 1914; G, August 31, 1915 (station 10306)

ward to the Cape Cod slope, in readings of 3° to 3.6°. With this warm tongue as
clearly defined by high salinity as it is by temperature, its nature as an actual cur
rent flowing into the gulf via the Eastern Channel from outside the continental edge
is sufficiently established. Seldom, in fact, do the curves for salinity and for tem
perature correspond as closely as they do in this case, even to the pooling of the
warm, saline water off the mouth of the Bay of Fundy. This phenomenon, of which
we have had frequent evidence in other years and at other seasons, is discussed more
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fully in the chapter on the circulation of the gulf (p. 921). Its existence and its effect
on the bottom temperatures of the gulf are among the most interesting facts 1?rought
out by the survey. .....,

A counter. expansion of water colder than BO and fresher than 33 per mille, out
of the gulf and aroulldthe southeast face of (teorges Bank, also adds interest to the
100-meter chart.

In February and March, 1920, the gulf proved warmer at 200 meters than at
100. probably the 200-meter level is never as cold as4°; in fact, most of the readings
were fractionally higher than 5°, being from 4.2Qo in the Fundy Deep to ~.85° in the
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FIG. 6.-Vertical distribution of temperature In the deep trough betweenleftreys Ledge and the coast, March
to August. A, March 5, 1920 (station 20061); B, March 5, 1921 (station 10509); C, May 14, 191. (station

, IG278); D, August 22; 1914 (station 10252). The broken curve Is for August 9 of the cold summar of 1923

Eastern Channel, with 5.2° to 5.6° at most of the stations. The200-meter temper
ature a,t. the three February-March stations outside the edge.oLthe continent~were

as foll0'Ws:. 12.39° off the southwest face of Georges Bank on February 22 (station
20044),' 5.9° off its southeast slope on March 12 (station 20069), and 7.89° off Shel
burne, NO'\l'a.Scotia, on March 19 (station 20077).
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PROFILES

Several profiles of the gulf are added, further to illustrate the distribution of
teDlperatureiuMarcA as exemplified by the year 1920.. The· first of these, running
~astward from Massachusetts Bay to the neighborhood of Cape Sable (fig. 14), shows
the spacial relationship between the comparatively high temperature (upward of 4°)
in the bottom of the two arms of the basin, below about 120 to 160 meters, the
bankiIig up of 4° to 5°· water in the eastern side just mentioned, and the colder
(0° to 2°) water in the inner part of Massachusetts Bay in the one side of the
gulf ancl>along western Nova Scotia in the other. It also affords evidence more
graphic~than the charts that this warm bottom water, as it drifts in through
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FIG. 7.-Vertlcal distribution of temperature near Mount DesertIsland in various months. A, March 3,1920
(station 2(056); B, April 12, 1920 (station 2(099); C, May 10,1915 (station 10274); D, June 11, 1915
(station 10284); E, June 14, 1915 (station 10286); F, July 19,1915 (station 10302); G, August 18,1915 (station
10305); H, October 9, 1915 (station 10328); I, January I, 1921 (station 10497)

the Eastern Channel, makes itself felt right up to the surface in the coldest season
by temperatures about 1° higher than those either to the west or to the east of it.
A much lower temperature in the bottom of the bowl off Gloucester (1.5° to 1.6°)
than. at equal depths in the neighboring basin (5°) deserves attention as evidence of
the efficacy of its barrier rim. Because so protected by the contour of the bottom,
the low temperatures of the preceding winter persist until much later in the season
in the deeper levels of sinks of this type than in other parts of the open gulf.

The considerable stratum of water colder than 3° (1.89° to 2.76°) in the mid
levels of the west-central part of the basin is made conspicuous on this profile by
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contrast with the warm core that splits it in the eastern side. Had the profile been
run a few miles farther north, the contrast in temperature would have appeared still
sharper in this relative region (at station 20054); less so a few miles farther south
(at station 20053), as the charts for the surface and for the 40-meter level (figs. 1
Ilond 12) make clear.

The most notable features of a profile running south from the offing of Cape
Elizabeth, across Georges Bank and the continental slope (fig. 15), is its demonstra-
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tion (a) that the transition in temperature from the boreal waters of the gulf, on
the one hand, to the oceanic water outside the continental edge, on the other, is
hardly less abrupt along this line in the last week of February and first week of
March than it is in midsummer (p. 615); and (b) that the bottom at 75 to 300 meters
was bathed by water as warm as 8° to 11° as far east as longitude 68° along the
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continental slope. Equally high bottom temperatures on the upper part of the
slope in the latitude of Chesapeake Bay (station 20041), off Delaware Bay (station
20042), and off New York (station 20043), that same February, also off Chesapeake

F

~ /

E

1

1\
\

\ 1/

\ I

( I V

(/ I

\

~. I

\1\

\ 1\

l\

I--+---If--+----,r- B-o-tr-l--+--+--+--I--I--I--I--I---II---I---1

1--l---If--+--+c+H-+-H--1--I--I---If--+---If--+---I'---+---1--1

\
1--l--f-4--PHt-tGi--ll--1--l---l--+---l--+--+-+--+--f

\ I\~ 11

40

50

60

70

80

90

100

110

1\
120

130

140

150

160

170

180

190

200

210

220

230

240

Tem~tun. Centipoade
,. 2" .~ 4° 5° _ 6" JO 8" 9" 10" 11° 12" 13" 14° 15° 16" 17"

Meter,: i\c, y fJl-/.7-+--iI-\_.~'-+---l~q..I/_I---7q.V_-bGi"'fl--=--+-V--lI---'_-l-~
1'\° 1\ 1~7 IkV

20 1--+-ol-
1

\-ol+--I--+---1h-\-+-1/--"+-I/---iL---"--:;:/~t--t-t--+---t-+--l

30 1---4--+1-....-\-Ht--l--+---+--lXt-;!'V'~'----h;<-+--t--+--t--+-+--+----i

J~ J

.A
250 1-..l-.--L.---II..--...1---l...()-I_..l-.--L--.l_-'---l.----L_-'---l.---I.._-'---'

FIG. II.-Vertical distribution of temperature In the e!lStern side of the b!lSin of the Gulf of Maine. A,
March 3, 1920 (station 200M); B, April 17, 1920 (station 20113); C, March 28, 1919 (Ice Patrol Station No.
3); D, May 6,1915 (station 10270); E, June 19, 1915 (station 10286); F, August 7,1915 (station 10304); G,
September 1, 1915 (station 10309). The broken curve Is for January 5, 1921 (station 10502)

Bay in January, 1914 (Bigelow, 19170., p. 60), malie it likely that a warm band of
this sort (often spoken of as the Hinner edge olthe Gulf Stream") touchet;! the bot
tom along this depth zone throughout most winters. The March profile of the
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ea~tern end of the bank (fig. 16), however, shows much lesscotitrastin temper~ture
between the two sides of the latter, with the oceanic water (warmer than 8° and
salter than 34 per mille) so much farther·out from the edge of the continent that
even the outermost station (20069) did not touch it, leaving the bottom down the con
tinental slope bathed with water colder than 5° at all depths. The profiJ.~s thus
corroborate the temperature charts (figs. 12 and 13), to the effect that the warm
bottom zone was obliterated somewhere between longitudes 67° and 68P W. (about
midway the length of Georges Bank) in February and March by the" cold wall"
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that wedges in between the slope and the oceanic water. As it is the existence of
this warm zone that permits the year-round existence of warm-water subtropical
invertebrates and of the tilefish along this stretch, the definite location of its eastern
limit is a matter of some biological importance. The contrast between the graph
for our outermost station off the western end of Georges Bank and two other.deep
stations off its· eastern end and off Shelburne, Nova Scotia (fig. 18), is an' addl
tional illustration Qf the sudden dislocations about midway of the bank, with a
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difference.of about 5° to 6° between the two ends of the latter at all'levelsfrorn 20
meters down to 300. . ..

The fact that the two e$stern stations (20069 and, 20077) did not differ from
each other by more than 2° in temperature at any dep.this evidence that the colq}
wedge that they illustrate was itself nearly uniform in temperature for a consider
able distance from west to east. The difference between station 20044, on the one
hand, and stations 20069 and 20077, on the ot,her, was greatest at the stratum where
all three were warmest-100 to 200 meters. Below this, at depths greater than 300
meters, the curves for all three of these deep stations converge, the readings for all
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FIG. 11.-Vertical distribution ot temperature on German Bank, March to September. A, March 23, 1920
(station 2(085); B, April 15, 1920 tstation 2(103); C, May 7, 1915 (station 10271); D, June 19, 1915 (sta
tion 10290); E, August 12, 1913 (station 10095); F, August 12, 1914 (station 10244); G, September 2,1915,
(station 10311)

falling within a range of 0.5° at 1,000 meters (station 20044, 4.2°;' station 20069,
3.77°; station 20077, 3.9°), approximately at the temperature that is typical of the
abyssal waters of the North Atlantic as a whole and differing little from the read
ings obtained at corresponding depths and locations along the slope in summer
between Nova Scotia and the latitude of Chesapeake Bay (p.605; Bigelow) 1915,
1917, 1922)'.

Unfortunately the data are not complete for the February station on the north
ern part of Georges Bank (20047), but it is probable (hence so designated on the

I
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profile) that 3° to 4° water was continuous right across the western end of the bank
at the 10 to 30 meter level.

Our experience has been that the water is so actively mixed by tidal currents
on the shoaler parts of Georges Bank that a complete equalization of temperature may

n' 70' 69' 68" 67' 66'

FIG. 12.-Temperatl1l'e at a depth of 40 m6ter., Febuary-March, 1920

be. ~pected there locally at any season. .Had the western profile (fig. 15) .. cut such
a location, the readings would have been about 4° to 4.5° from surface to bottom;
but with a difference of about 0.1 per mille of salinity between the surface and the
bottom in 50 meters at station 20047 (p. 998), evidently such was not the case.
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Only one other fea.ture of this end ·oIthe profile c81lsforattention-the encroach
ment of wa.ter warmer _than 7° on the southern side of Georges Bank and the abrupt
transition in bottolUtemperature across the latter from north to south (4° to 12°).

The ~nne.rpartsof the gulf at the coldest season are warmest (5° to 6°) at the
bottom, coldest (2°) along shore and within 10 to 20 meters of the surface.

42'

co

~~
/2°__-

+

88'88'70'

40 + +

7<f 8S' 68" 87'

FIG. 13.-Temperature at a depth of 100 meters, Febuary-March, 1920

The wedge-shaped contour of this coldest water (3°), projecting shelflike over
the basin, with slightly higher temperatures above it as well as below (fig. 15), taken ~

by itself might suggest some overflow by warmer surface water from the south.
The vertical uniformity of salinity in the upper stratum (p. 705), however, favors
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along the axis of this cold stratum then rose fairly uniformly from about 0.50 close
to land to from 2.40 to 2.70 in the southern side of the basin, to 2.70 to 2.90 over
Georges Bank, and to 3.1 0 over the continental slope, as just described. On the
other hand, the. water as warm as 50 that floods the greater part of the basin at,
depths greater than 120 to 150 meters did not then touch the northern slope of
Georges Bank, off which the water was fractionally colder than 50 right down into
the deepest fold of the trough (station 20064).

The fact that the southern end of this profile crossed one of the chief breeding
grounds for haddock in North American waters, and at the heIght of the spawning
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/.26 0

/.5"-4
0

-----/.GJ!..- ------------..:>0---
.?-S"4°·

20

Meter 0

160....·----;~

1801-,~~~#t'ffhl

220t----9i~ffllJ1ff-------L.---~-~.....tt

FIG. 17.-Temperature prollle crossing the northeastern part onhe gull, o1f the mouth of the Bay or Fundy, for March
22 and 23, 1920 (stations 20080 to 20083)

season, lends biological interest to the temperatures at stations 20061 to 20068. Evi
dently the eggs were being set free in water of about 2.50 to 2.7°.

The boundaries ofthe comparatively warm (5°) bottom water in the eastern arm
of the basm, for March, are outlined further l;>yaprofilefroxnMaine to Nova Scotia,
opposite the mouth of the Bay'of Fundy (fig. i7, statiOIis 20080 to 20083). Tem
peratures higher than 5° were confined to depths greater than 150 meters along this
line, but the isotherm for 3° shows the warmer bottom water banking up against the
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eastern slope of the gulf (against the right-hand side for an entrant current) to with
in 90 meters of the surface in the manner with which cruises at other times of year
have. made us familiar (p. 619). Temperatures are slightly lower in the shore ends of
this profile, as is usual for the cold season. Failure to obtain readings lower than 10

may be explained on the assumption that solar warming is propagated downward to
a greater depth off Maine and off Nova Scotia by the strong tides of those localities
during the first three weeks of March, than in the western side of the gulf, where
tidal stirrmg is less active.

The relationship existing in March between the cold waters over Georges and
Browns Banks and in the Northern Channel, on the one hand, and the warm indraft
into the Eastern Channel, on the other, is illustrated by a profile following the arc
of the banks (fig 19) Bottom water of 60 to 70 in the Eastern Channel, banked
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FIG. 19.-Temperatlll'e proflle running from the eastern part of Georges Bank, across the Eastern Ohannel, Brown's Bank,

and the Northern Ohannel, March 11 to 23, 1920

liplike a ridge along its trough (isotherms for 30 to 60
), contrasts with 30 to 4.50 at

equal depths in the Northern Channel, where temperatures higher than 40 were con
fined to a thin bottom layer deeper than 110 meters (station 20048). A bottom
temperature fractionally higher than 30 on Browns Bank points to some tendency
for the warm water that drifts in through the Eastern Channel to overflow the east
ern rim of the latter; but the March data show that this circulatory movement was
limited to depths greater than 70 meters. Probably the fact that the readings on
Georges Bank showed no sign of any encroachment of the warm water in that direc
tion, which is corroborated by salinity (p. 719), is due to the deflective effect of the
earth's rotation, deflecting the current to the right (p. 849). Other features of the
profile that claim attention are the uniformity of temperature over the eastern part
of Georges Bank from east to west; the fact that the surface was fractionally warmer
than the 20-meter level there and over the Eastern Channel (a first sign of vernal
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warrhing); and that while the inshore (Cape Sable) end of the profile was coldest
as is usual at this season, the temperature Was fractionally higher close in to the land
near the cape than a short distance out at sea. A differential of this same sort would
have been more apparent had the profile been located a few miles farther east,
because the whole column in 75 meters depth, close in to Shelburne (sta.tion 20073),
was fractionally warmer than 2° (p. 1000), while the water farther out on the shelf
(stations20074 and 20075) was colder.

BOTTOM

The temperature of the bottom water, in depths greater than 200 meters, varied
in March from 4.02° off the northern slope of Georges Bank in 330 meters (sta
tion 20064) to 6.84° in the Eastern Channel in 215 meters (station 20071), with
readings of 5.06° to 5.59° at depths of 225 to 250 meters elsewhere in the basin.
It is interesting to find the deepest water coldest just north of Georges Bank at the
location just mentioned, for this was also tL.." case at 200 meters; whereas the north
ern side of the basin, not the southern, was the coldest at 100 meters.

For the biologist, the bottom temperature of the gulf at the coldest season is
interesting as evidence of the greatest cold that bottom-dwelling animals of any sort
must endure in various regions. In general; a parallelism then obtains between
temperature and depth, the bottom being warmer the deeper the water.. This rela
tionship is complicated, however, by the increase in temperature from the shore
seaward (p. 525), independent of depth, illustrated by the charts for the 40-meter and
100-meter levels (figs. 12 and 13.)

With more or less ice forming every winter in shoal bays and among the islands,
the littoral zone ischiIled from time to time to the freezing point of salt water in
such situations. In Cape Cod Bay the Fish Hawk had areading as low as -1.5°
in 17 meters and -0.4° on the bottom in 34 meters on February 6, 1925 (cruise 6,
station 6a, p. 1005); and while these readings are the lowest· sofar recorded for the
open gulf, the data for that year and for station 20062 show that in Massachusetts
Bay generally the bottom may be expected to chill to about 0° out to about the
30 .to 40 meter level at some time during most winters, perhaps eVery year. No
doubt this ttpplies equally to the bays along the coast of Maine and to the tributaries
of the Bay of Fundy; but along the. open northern shores of the gulf, where strong
tides pro~uce an interchange of water more active than in Massachusetts Bay, it is
not likely that the bottom temperature ever falls as low as 0° except within the
littoral zone. Our. two March stations (20083 and 20084) similarly show the bottom
slightly warmer .at 50.me.ters along western Nova Scotia at that season than in
Massachusetts Bay; but later in the spring, when the icy Nova Scotian water from
the east is flowing in greatest volume past Cape Sable, the bottom of the eastern
side of the gulf may also be chilled to 1° - 0° down to a depth of 50 meters-peN
haps still deeper, for a brief period, in some years. On the other hand, it seems
that the bottom temperature of the deep troughs of the gulf never falls below 4°,
except, perhaps, in very exceptional years.
. Thus,.any ,animal dwelling on bottom in the inner part of Cape Cod Bay, or

anywheref:l,Ill<;>ng the islands of the coastal zoue shoaler than 40 to 50 meters, is apt
to be.sllPiec~edtoa tewperature close to ~ero or lower at the end of winter. There
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.ttl no danger of temperatures lower than about 1.5° to 2°, however, either on the
slopes of the basin or in anyone of the deep isolated bowls at depths of 100 meters
or more, nor of temperatures lower than 4° on the bottom of the basin. A corre
sponding difference in the upper str,ata also may explain the disappearance of sundry
planktonic animals from the coastal zone in winter, though they occur the year
around in the gulf out at sea (Bigelow, 1926).

The contour of this mass of comparatively warm bottom water in the deeps of
the gulf is graphically illustrated by a chart showing the isothermobath for 4° in
February and March (fig. 20), for wherever temperatures as high as this were
recorded within the gulf the underlying strata were still warmer. In 1920 (probably
this applies yearly) there was no water as warm as 4° at this season at any level in
the coastal zone, out to the 100-meter contour, on either side of the gulf. However
(without attempting to draw too close a parallel between the intricate contour of the
bottom and the temperature), the floor of the whole gulf at depths greater than 150
meters was bathed with water warmer than 4°, filling the whole basin below a
unifOrm level of 120 to 130 meters in the western side and rising to within 60 to 80
meters of the surface in the eastern, as a well-defined ridge extending northward
from the Eastern Channel, with a tendency to pool off the mouth of the Bay of Fundy.

It is not likely that this warm water ever overflows Browns Bank or the eastern
half of Georges at that season, although not barred from them by the contour of the
bottom. Certainly it did not in March, 1920; but the whole column of water over
the western half of Georges Bank was then warmer than 4°, so that the chart (fig.
20) shows the isothermobath in question as rising to the surface there and dipping
steeply toward the basin to the northwest. A contrast of 5° to 6° in bottom tem
peratures between the southwestern and southeastern parts of the bank (station
20046, 8°; station 20067, 2.8°) illustrates the wide differences in the physical condi
tions to which animals living on bottom are subject in winter and early spring on
various parts of the bank.

It seems that at this season the fauna of the so-called" warm zone," which
characterizes the upper part of the continental slope off southern New England and
farther west (p. 531), must meet its eastern boundary at about longitude 67°, because
the bottom temperature was only 4.9° at 190 meters off the southeastern face of
Georges Bank on March 12 (station 20068), contrasting with 11.55° at a depth of
120 meters off its southwestern slope on February 22 (station 20045).

ANNUAL VARIATIONS IN TEMPERATURE IN EARLY SPRING

Slight variations are to be expected, of course, in the temperature of the gulf
from one winter and spring to the next, even in what we may roughly term H nor
mal" years; still more so between the exceptionally cold and warm winters that no
doubt fall at intervals. The station data for 1920 and 1921 allow a thermal com
parison for the northwestern parts of the gulf for early March of those years, ampli
fied by the Fish Hawk survey of Massachusetts and Ipswich Bays in 1925 and by
readings taken at a few localities in 1913.

At the head of Massachusetts Bay, off Boston Harbor, the readings for early
,}4:arch, 1921, and for February 24, 1925, are from 1° to 20 higher at all levels
than those for 1290, although -the dates were within a few days of one another. As
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the observations were made so soon after the coldest time of year that the temper
ature had'1lot risen. more than fractionally, it seems safe to say that the water did
not cool below 1.5° to 2° in the northern half of the bAy during the wip.ters of 1921
or 1925, except right along the land, where it .is most subject to winter chilling
instead of close to 0°, as in 1920.

71t liS· 88" 117· ...
FIG. 2O.-Depth below the surface of the Isothermobath for 4°, February-Maroh, 1920

A similar relationship obtained between the years 1920 and 1921 at the mouth
of the Bay off Gloucester (fig. 21), the following readings taken there in the first
week of March pointing to a minimum of 1.5° to 2° for the winter of 1920 and
about 30 for 1921.
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The winter of 1913 (Bigelow, 1914a, p. 391) was
intermediate between 1920 and 1921 in temperature
.at:tWs locality, with readings of 2.830 on the surface Meter 0
and 3,110 on bottom in 82 meters at a near-by loca
tion on February 13 (station 10053), when the mini
mum temperature for the winter was recorded.

An equally interesting annual difference is that
the temperatures of late February and early March
were lowest at the surface in 1913 and 1921, whereas
in 1920 vernal warming already had raised the tem
perature of the surface fractionally above that of the
underlying water by March 4. On February 24 to
28, 1925, the bottom was fractionally the warmest
level at one deep station (Fish Hawk station 18a),
while the surface was warmest at another (station 2),
with the mid-stratum fractionally the coldest at
both. Thus, the date at which the vernal warming
of the surface begins to be appreciable does not
necessarily mirror the state of the preceding winter,
whether a cold one or a warm one in this part of the
gulf (1920 was a very cold winter), but depends
more on the degree of cloudiness, the precise condi
tion of air, the direction of the wind, the tempera
ture of the air, and on the snowfall from the middle
qfFebruary on.

Turning now to the coastal belt just north of
Cape Ann we find very little difference in actual tem
perature between readings of 2.40 to 3.70 at the Fish
Hawk stations (Nos. 20 to 28) for March 10, 1925,
and Welsh's records of 3.80 to 3.90 on March 19,
1913; but with the surface about 10 warmer than
the aO-meter level at all these Fish Hawk stations,
but the whole column virtually uniform in tempera-

FIG. 21.-Vertlcal distribution of temperature
ture down to 120 meters in 1913, it is evident that oll Gloucester during the first week of

the vernal warming of the surface commenced at March of the years 1913, 1920. and 1921, to
show the annual variation. A, March I,

least two weeks earlier there in 1925 than in 1913. 1920 (station 20050); B, March 5,1921 (sta-
',I.'he y~ar 1920 was certainly colder at this general tlon 10511); C, March 4,1913 (station 10054)

locality than either 1913 or 1925, because the surface had warmed only to 3.05°
there by the 6th of April (station 20092).
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The temperature of the upper 100 meters was 2° to 3° lower in the sink off the
Isles of Shoals on March 5, 1920, than on that same date in 1921, and while the
bottom readings for the two years differ by only about 0.1° in 175 meters, the bottom
water was certainly slightly colder there in 1915 than in either 1920 or in 1921, a

. temperature of only 3.7° at 175 meters as late in the season as May 14 of that year
contrasting with about 4° early in March of 1920 and 1921.

Essentially this same relationship between the early March temperatures for
1920 and for 1921 was recorded off Cape Elizabeth and off Seguin Island, 1920 being
from 0.2? to 2.4° the colder yearnt all levels down to the bottom in 45 to 100 meters.

The temperatures of the western basin some 35 miles off Cape Ann for February
22 and March 24, 1920 (stations 20049 and 20087), and for March 5, 1921, did not
differ by more than 1.2° at any level; in all cases the highest reading was at about
170 meters, with the upper 40 meters coldest, and 2.74° (on March 24, 1920) as
the absolute minimum. On the whole, however, the readings for 1921 are slightly
higher and the maximum for the month was recorded on that date (6.45° at 175
meters).

Thus 1920 may be described definitely as a cold winter in the coastal zone out
to the 50-meter contour; 1921 and 1925 as warm ones. There was much less annual
difference in temperature in the neighboring basin and almost none below the 200
meter level. A regional difference of this sort is just what might be expected if the
winter chilling of the gulf is due chiefly to the severe climate of the neighboring land
mass to the west (as there is every reason to believe it is), because the icy north
west winds, as they blowout over the adjacent sea, necessarily have most effect on
the temperature of the water near the land.

VJ;:RNAL WARMING

After the middle or end of February the temperature of the western and northern
parts of the gulf slowly rises as the heat given to the surface layers by the increasing
strength of the sun is propagated downward by the vertical circulation of the water,
but at different rates in different parts of the gulf, depending on the local activity
of tidal stirring.

Were solar warming alone responsible for the warming of the gulf in spring, the
change would, for the first month or two, be confined to the superficial stratum where
this vertical mixing is most active, except where a deeper column is kept stirred by
strong tides-the Bay of Fundy, for example, and parts of Georges Bank. Actually,
however, the gulf also warms from below during the early spring as the slope water,
comparatively high in temperature and which enters through the trough of the
Eastern Channel (p; 526), is incorporated by mixture with the colder stratum above,
any increase in the amount of this from season to season being betrayed by an
increase in salinity as well as in temperature. During the first weeks of March the
warming effected from below by this source raises the temperature of the deep
waters of the inner part of the gulf as rapidly as solar heat warms the surface
stratum.

It is interesting to trace the change that vernal warming effects in the level at
which the gulf is coldest. Probably the inner parts are invariably coldest in the
upper 40 meters by the end of winter, a state that persisted into the first week of
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March j,nthe:,years 1913 and 1921, as just noted (p. 524). In 1925, too, the super
ficial'1:0 meters of Massachusetts Bay did not become definitely and consistently
warmer than the underlying water until the end of March (locally even later); and
atthQugh the whole column had been warming slowly at all the stations there since
~emiddle of February (p. 660), this change was at first so slow that the mean sur·
moo temperature of the southern side of the bay was only about 0.3° higher on
March 10 (2° at stations 2, 10, 13a, 15, and 18a) than it had been on February 24
to .28; the mean bottom temperature for these same stations remaining virtually
unchanged.. This probably applies also to the whole area of Massachusetts Bay,
.for·theaurface had warmed by only about 0.56° just outside Gloucester Harbor, and
'Dot at: all within the latter.

•In Ipswich Bay, however, the surface had become definitely warmer than the
underlying water by the first week of March, and this was the case over the gulf
as-a whole in 1920, as just described.

.Fl'omearly March onward the progressive warming from above lowers the cold
est plane in the western side of the basin to a depth of about 100 meters by the
middle or end of April. At the same time warming by slope water from below raises
Che. coldest plane in the northeastern part of the basin (the latter itself now slightly
warmer than in March) to within 15 to 20 meters of the surface. In the southeast
e..npart of the basin, however, the temperature was lowest at the 100-meter level on
April 17 (station 20112), instead of at 20 to 40 meters, as it had been on March 11
(station 20064). The minimum temperatures were recorded at about the same depth
{20 to 40 meters) for the two months in the Northern Channel, the Eastern Chan
nel, and on the southeastern continental slope of Georges Bank. On Browns Bank,
however, where the upper 20 meters had been considerably coldest on March 13
(station 20072), the bottom (80 meters) was slightly coldest on April 16 (station
2(106), and the whole column, top to bottom, had become nearly homogeneous in
temperature during the interval.

Vernal warming, the normal event in boreal seas, is retarded-may even be
reversed temporarily-in the eastern side of the Gulf of Maine when the intermittent
Nova Scotian current floods past Cape Sable, as described in a later chapter (p. 832).
The cold water from this source affects a greater displacement of the isotherms
within the gulf and produces lower temperatures there in some springs than in others,
depending on the volume and temperature of the flow past the cape, on the date at
which this reaches its maximum, and on the duration of the period during which
this Nova Scotian water enters the gulf in amount sufficient to appreciably affect
the temperature of the latter.

In describing the spring cycle vernal warming must be carried along hand in
hand with this chilling from the east. In 1913 the vernal warming of Massachusetts
Bayan.d of the Isles of Shoals-Boon Island region to the north was at first most rapid on
the bottom. Thus, the 82-meter temperature rose from 3.11° off Gloucester on Febru
ary 13 (station 10053) to 3.61° on March 4 (station 10054), whereas the two surface
readings were less than 0.1° apart (both 2.83° to 2.89°). Mr. Welsh found the sur
face still continuing fraytionally colder (3.6°) than the deeper levels near Boon Island
on the 29th of the month also, although, judging by the date, the superficial stratum
almost certainly had experienced some increase in temperature by then.
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It is probable that vernal warming followed a similar course, at first, in the
coastal zone in 1921, with the indraft of warmer and salter water from offshore main
taining the winter status of cold surface stratum and warmer bottom water into the
first week of March. In 1925, however (p. 1004), warming from above and from below
raised the temperature of the whole column in Massachusetts Bay at a more nearly
equal rate from the middle of February until late in March, whereas in Ipswich Bay the
surface warmed the more rapidly from the beginning. In 1920, however, the surface
was already fractionally warmer than the 20 to 40 meter stratum as early as March
4 (p. 524), and it may be that in any year when an extremely severe winter chills the
upper 100 meters or so of the gulf to an abnormal degree the surface at once com
mences to warm after the grip of winter is released, whereas in more normal years
the surface temperature may be expected to remain almost stationary for a brief
period during late February and early March. In 1924, when a foot or so of snow
fell on March 11 and 12, followed by several days of freezing weather, the surface
had warmed to only 2.2° at a station 8 miles off Gloucester (Halcyon station 10652)
by March 19, with about 1.8° at depths of 40 and 70 meters.

The progressive warming of Massachusetts Bay is illustrated for a warm April
by the Fish Hawk stations for 1925, when the mean surface temperature rose from
~o on March 10 to about 4.6° on April 4 to 8. A definite regional differentiation
also had developed, with the surface warmest (5° to 5.4°) in Cape Cod Bay, where it
had been coldest during the preceding months. Thus, the relationship characteristic
of winter (coldest next the land) was now definitely reversed, so to continue through
the spring (fig. 22) and summer. At the 40-meter level, however, the bay still con
tinued slightly warmer at its mouth (3.2° to 3:9°, Fish Hawk stations 30 to 33 and
34) than in Cape Cod Bay or near the Plymouth shore (2.9° and 2.6°, stations 6a
and 10), evidence that the indraft of offshore water continued to exert more influence
on the temperature of the deeper strata (up to the 7th or 8th of April in that year)
than did solar warming from above. This was not the case in Ipswich Bay, how
ever, where the 40-meter temperature was almost precisely the same on April 7 (2.4°
to 2.8°) as it had been on March 10 (2.5° to 2.7°), though the surface had warmed
from 3.35°-3.6° to 4.2°-4.9° during the interval.

By April 21 to 23 the mean temperature of the surface of Massachusetts Bay
had risen to 5.2° (4° to 6.8° at the individual stations, fig. 22) and the 40-meter
temperature to a mean value .of about 3.8°, but virtually no change had yet taken
place in the temperature of the bottom water at depths greater than 60 meters, a
constancy illustrated by the following table. In 1920, also, the inner part of the bay
was actually slightly colder at 40 meters on April 20 (1.58°) than it had been on
April 6 to 9 (2.2°-2.4° at stations 20089 and 20090), evidence of some upwelling of
the colder water from below.

Fish Hawk stations Apr. 7 and 8, 1925 Apr. 21 to 23, 1925

No. 33 ..••••••••• • __ •• •• • • • __• • ._. __••_.
No. 30 ••----- __•••__•• •• __• •• •• • ._._. • • __•
No. 31 ••••• ••• •••• • ••• • _~ ._••• _

Meter.
80
84

·112

Degree.
2. 91
3.11
2.9

Metera
60
80
84

Degree.
3.06
2.92
2.7
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APRIL

The temperature followed a similar cycle in 1913, when the surface warmed to
5.56° near Gloucester by April 14, though no appreciable change had taken place
at 25 meters during the preceding two weeks (about 4° to 4.1°; stations 10055 and
10056).

In 1923, following a very severe winter, the surface of the central part of the bay
had warmed to only 2.8° by April 18, with 1.6° at 40 meters and 0.4° at the bottom
in 80 meters. The bay continued nearly as cold as this until the end of April in 1920
(also following a cold winter) with readings of 3.6° at the surface, 2.87° at 20 meters,
1.58° at 40 meters, and 1.78° at 90 meters in its central part on the 20th (station
20119), but with the regional distribution (warmest, 4.4° in Cape Cod Bay, station
20118) essentially the same as in 1925. Probably the records for 1925, on the one
hand, and 1920 and 1923, on the other, cover the extremes to be expected in the
bay in April, except in very exceptional years.

Seasonal progression in the coastwise belt north of Cape Ann is illustrated for a
warm year by serial observations taken by W. W. Welsh near the Isles of shoals
and near Boon Island at intervals during the spring of 1913 (p. 980). Here the winter
state prevailed until the end of March (fig. 23). On April 5 the temperature was
equalized, surface to bottom, and after the middle of the month the surface was
warmer than the underlying layers, warming progressively thereafter as illustrated by
the graph (see also Bigelow, 1914a, p. 394).

The rate at which the surface warms along this part of the shore during April is
irregular, often interrupted Or even temporarily reversed by climatic conditions.
During the winter, when the column of water is of nearly uniform temperature from
the surface downward, the upwellings th'at follow offshore winds have little effect on
the surface temperature; but as soon as the surface becomes appreciably warmer
than the underlying water, any upwelling of the latter, or vertical mixing, is at once
made evident by a decided, if temporary, chilling of the surface. Northwest winds
are a frequent cause of such upwellings along the western shores of the gulf in early
spring, and a blow from any quarter causes a more or less active stirring of the upper
most stratum by wave action.

During the spring of 1913 a northwesterly gale cooled the surface from 5° near the
Isles of Shoals on April 13 to 4.6° on the 14th and 15th. The water then warmed
to 7.9° by April 26, under the influence of unseasonably warm weather, when a north
easterly gale, with rain, followed by high northwest winds, once more chilled the
surface to 6.7°. This was followed by another rise in surface temperature to 9.78°
by May 6, when a third northwest gale, of several days duration, once more reduced
it to about 7.2°. The wind then changed to the south, and by the 14th of May,
when the latest observation was made, the surface temperature had risen to 8.11 0.10

Temporary upwellings of this sort are as clearly evidenced by a rise in salinity (p. 729)
as by a fall in temperature.

It is necessary to turn to the station data for 1920, combined with odd records for
1913 (p. 980) and 1925 (p. 1012), for a general picture of the temperature of the off
shore waters of the gulf in April, remembering that after a mild winter readings 1°
to 2° higher than those pictured (fig. 24) are to be expected in the coastal belt.

10 For further details see Bigelow, 1914a, p. 395, fig. 7.
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In 1920 the entire surface of the open gulf ranged hetween 3° andj4° hy7April 9
to 20, including the eastern part ofGeorges Bank, the Eastern~Channel,and Browns
Bank; except for one station on Platts Bank (20094), where active verticalcirculatioD
caused a fractionally lower surface reading (2.78°), and off the Kennebec River
(station 20096, 2.78°), where a very low surface salinity (29.94 per mille, p. 1001) was
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FIG. 23.-Vertlcal diRtrlbution of temperature near the Isles of Shoals and Boone Island at suc

cessIve dates of the year 1913, to show the progress of vernal warming. A, March 29, 1913;
B, April 5 (both near Boone Island); C, April 13; D, April 16; E, April 29; F, May 8; G,
May 14 (C and F are near the Isles of Shoals)

unmistakable evidence of freshet water. In 1925 the surface of the coastal belt
(Cape Ann to Mount Desert) was about 1 degree warmer at this season (Halcyon
records, p. 1012), grading (south to north) from 5.5° to 2.5°-3.8°, though with the
water to the eastward of Cape Elizabeth still continuing coldest next the land. ll

II Close in to Boothbay 3.3°, but 4.4° near Seguin Island; 1.9° in Southwest Harbor, but 3 003.6° near Duck Island, oft Mount
Desert Isl."d.
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N@temperatureswere taken on the western part of Georges Bank or on Nantucket
Shoals during April, 1920. In 1913 Mr. Douthart had surface readings of 6.60 on
the northern part of Georges Bank on April 11 and 15, with 7.70 on its western side
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FIG. 24.-Temperature at a depth of 40 meters, April 6 to 20, 1920

on the 27th (p. 980). Taking into account the annual differences between early and
tardy springs, temperatures about 20 lowermight have been e:ltpected at these stations
and dates in 1920. A surface reading of 3.30 on Rose and Crown Shoal near N 30

tucketIsla:nd on April 27, 1923 (p. 996) suggests that the surface has about the same
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emperature over N~ntucketShoals as that of the western and southwestern parts
of the gulf generally at this season.

In 1920 the surface warmed by about 2° all along the belt from Massachusetts
Bay to the Bay of Fundy from mid-March to mid-April; by less than 2° over the
basin generally and along western Nova Scotia; by less than 1° on the eastern part
of Georges Bank; and there had been no measurable change in surface temperature
in the Eastern Channel (stations 20071 and 20107, 3.33°). In other words, where
the surface is most chilled in winter it warms most rapidly in early spring.

The fact that the surface temperature increased over the German Bank-Cape
Sable area and out across Browns Bank from March to April, 1920, is proof that the
westward flow of Nova Scotian water, chilled by ice melting far to the eastward
(p. 832), did not impress the temperatures of the gulf until still later in that spring,
marking 1920 as a "tardy" year in this respect as in others. The opposite extreme
is illustrated by a surface reading of 0° in the eastern side of the basin (the lowest
yet recorded for the open gulf)12 on March 28, 1919,13 explicable only by some
movement of cold water from the east, though as so thin a surface layer that neither
the temperature nor the salinity were appreciably affected by it more than 20 to ~o

meters downward.
In 1920 the mean temperature of the 40-meter level proved about 0.80 warmer

in mid-April (fig. 24) than in mid-March, with this change greatest (1° to 1.67°) in
the eastern side of the basin and off western Nova Scotia, resulting in a general
equalization at 2.2° to 3° for the whole western and northwestern parts of the gulf,
with 3° to 3.7° over the southern and eastern parts. In the warmer spring of 1925
the Halcyon found the 40-meter level about half a degree warmer-namely, about
3.2°-four miles off Cape Ann whistle buoy on April 17; 2.8° close to little Duck
Island (off Mount Desert) on the 19th; and 2.9° eight miles out from Duck Island
on that same day.

The progressive change in temperature was not so regular from March· to April
at depths greater than 40 to 50 meters in 1920, and wherever warming took place in
the deep strata during the interval, it was accompanied by a corresponding rise in
salinity, proving the source of heat to be warmer bottom water, solar warming not
having penetrated more than a few meters downward as yet.

Thus the inner parts of the gulf north of the Cape Cod-Cape Sable line
warmed by about as much (about 1.7°) from mid-March to mid-April at 100
meters (fig. 25) as at the surface. Virtually no change took place meantime
in the 100-meter readings in the southern part of the basin, while the 100-meter
level had cooled by nearly lOin the southeastern part of the area, a change
accompanied by a corresponding decrease in salinity (p. 735). Thus, it seems that
the middle of April is the coldest season of the year in this region at this depth.
This regional difference in the rate and order of the seasonal change of temperature
tended to equalize the mid-stratum over the gulf as a whole, so instead of the re
gional range of nearly 5° obtaining at 100 meters in March (fig. 13), the highest and
lowest readings at this depth were only 3.56° apart in April (fig. 25). While the
general distribution of temperature remained the same-lowest (3° to 3.5°) along

11 This reading Is corroborated by B correspondingly low sa11Dlty (P. 727D. II Ice patrol stations 1 to 3, p. gll7.
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the western slope of the basin and in the sink off Cape Ann, highest (4° to 6°) in
the eastern side and in the Eastern Channel-the isotherms for April (fig. 25) do not
outline the warm indraft into the eastern side as clearly as do those for March
(fig. 13) .
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FIG. 25.-Temperature at a depth of 100 meters, April 6 to 20,1920. The shaded area was oolder In April than In March

Unfortunately the data do not afford an annual comparison for depths as great
as this, no readings having been taken so deep in April, 1925; but temperatures of
2.70 t()2.9° at 80 to 84 meters ip.MassachU$~tts ~lty.,on Apr421 to 23 of that year,
and of 2.9° at 91 meters at a station 8 miles off Little Duck Island (off Mount
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Desert) on the 19th, are interesting as evidence that this general stratum was ap
parently no warmer in that spring than in the corresponding month of 1920, although
the upper 40 meters of water was considerably so. Thus, as the depth increases,
annual variations, like seasonal and regional variations, tend to diminish until a level
is reached below which the temperature is governed chiefly by pulses in the bottom
drift flowing in from the edge of the continent.

The bottom water at and below 200 meters was fractionally cooler in the eastern
arm of the basin in April, 1920, than it had been in March, and fractionally warmer
off the northern slope of Georges Bank and off Cape Ann (station 20115, 6.36° at
200 meters), with the deepest readings ranging only from 4.73° to 5.28° at 200 to
290 meters in the basin, rising to 6.07° in the Eastern Channel (station 20107). No
observations were taken as deep as this on the continental slope in April, but a read
ing of 6.47° at 150 meters off the southeast face of Georges Bank on the 16th
(station 20109) shows a rise of about 1.6° since March 12 (station 20068).

In March, 1920, it will be recalled (p. 541), the trough of the Eastern Channel be
low 100 meters was filled with water warmer than 6°, though no temperatures as high
as this were encountered anywhere within the gulf. By mid-April, however, still
warmer water (7.45° at 170 meters, fig. 26) had penetrated the channel, its effect
(6 to 6.39°) spreading inward to the western side of the basin off Cape Ann (station
20115) as a thin stratum at 180 to 260 meters, but with slightly cooler (4.92°) water
below it.a

Again, on March 5, 1921, there was a thin, warm stratum (6° to 6.4°) at 160 to
210 meters off Cape Ann. Evidently, therefore, temperatures as high as 6° may be
expected below about 175 to 200 meters in the western arm of the basin of the gulf
at any time from March to April (in summer, also), though not invariably. This
warm stratum, when it occurs, may either be sandwiched in between lower tempera
tures in the bottom of the trough below, as well as above, or may extend right down
to the bottom, with the vertical distribution of temperature following the curves
shown in the accompanying graphs (figs. 3 and 5).

Temperature and salinity combined establish the Eastern Channel as the source
of this indraft into the bottom of the gulf. Its course across the latter (unfortu
nately not chartable in detail from the data yet on hand) is discussed in a later
chapter (p. 921). There is strong evidence that it takes the form of intermittent
pulses, the 6°-water encountered off Cape Ann in April, 1920 (station 20115), being
the result of such a pulse; for it seems to have been entirely cut off from the still
warmer source in the Eastern Channel at the time by fractionally lower temperatures
in the southeastern bowl of the gulf (stations 20112 and 20113).

These pulses are so important in the general circulatory system of the Gulf of
Maine that an April profile along the arc of the banks (fig. 26) is introduced here
for comparison with that of the preceding month (fig. 19). The most important
seasonal alteration is the rise in temperature at 150 to 200 meters in the channel
just mentioned, which could only result from the actual introduction of water of
still higher temperature from offshore. On the other hand, vernal warming from
above and a delay in the westward flood of Nova Scotian water until later in the

l' No readings so high were obtained anywhere In the southern or eastern parts of the basin that April. the maxima being
respectively. 5.280 .5.140

" 280 ,and 5.160 In depths of 210.2 25.175, and 165 to 230 meters at stations 20098, 20100. 20107. 20112, and
?l\11~
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spring than this event is usually to be expected allowed a decided warming of the
upper stratum to 2.8° to 3.5° from the Oape Sable slope out to Browns Bank, though
with very little change from March to April on the Georges Bank side.

MAY

SURFACE

From late April, on, the temperature of the western side of the gulf constantly
rises, most rapidly at the surface, progressively slower with increasing depth. Near
Oape Sable, in the eastern side, however, the vernal cycle is dependent on the vol
ume, temperature, and seasonal "time table" of the Nova Scotia current. Where
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FIG. 26.-Temperature profile running from the eastern part of Georges Bank, across the Eastern Channel, Brown's Bank,
and the Northern Channel, for April 15 and 16, 1920

this debouches into the gulf the surface stratum is at its coldest· some time in April
or even as early as the last of March in "early",yel1rs (1919, for instance), but not
until May in "late" years, as probably happened in 1920. Unfortunately, neither of
our May cruises (1915,1920, or 1925), nor the ice patrols stations for 1919, has covered
the gulf as a whole; hence I can offer only a composite picture for the month, based on
years that certainly differed considerably in the rate of vernal warming and in the
date at which the chilling effect of the Nova Scotian current reached its maximum.

On this basis the highest surface temperatures of early May (fig. 27) are to be
expected in Massachusetts Bay, the lowest in the Oape Sable-German Bank region,
with the whole area west of the longitude of Penobscot Bay warmer than 6° by the
10th, if not earlier, contrasted with surface readings of about 3° or lower off western
Nova Scotia. 15

II Three degrees on German Bank, May 9,1915 (statlolll027ll; 2.7' there on Apr. 28, 1919 (Ice patrol station No. 22)
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In 1915 a west-east gradation in surface temperature was recorded along
the coast of MaiM from May 10 to 14, from 7.80 near the Isles of Shoals and off
Casco Bay to 50 off Penobscot Bay and 4.20 to 4.80 near Mount Desert Island.. No
doubt the precise readings vary with the state Of the weather, however, as well as
with the date and exact locality and from year to year. I must also caution the
reader that at this season the surface temperature is changing so rapidly in the west
ern side of the gulf that a difference of a few days, one way or another, will make a
considerable difference in the readings obtained; l~ss so in the eastern side.

Although the precise surface temperatures at any given date vary from one May
to the next, depending largely on the forwardness of the season on the land, probably

FlO. 27.-SurfllC8 temperature, first half of May, 1915

the comparative rates of vernal warming do not vary widely from year to year in
different parts of the gulf.

It appears from combining the records for the three years 1913, 1915, and 1920,
that this change is most rapid in the inner part of Massachusetts Bay, where the
surface warmed from 3.050 on April .6 (station 20089) to 8.890 on May 16 (station
20123) in 1920. Similarly, temperatures taken by the Fish Hawk in 1925 show the
surface of the southern side of the bay, generally, warming from 5.30 to 6.80 on
April 21 to 23, to 70 to 110 on May 20 to 22•.

At the mouth of the bay, where the surface does not chill to so Iowa figure at
the end of the winter, a less rapid rate of vernal warming causes about:)the same
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May temperatures. In 1925, for instance, the surface temperature at a line of sta
tions from Cape Ann to Cape Cod rose from 4.3° to 4.4° on April 21 to 23 to 8.3°
to 9.4° on May 20 to 22 (Fish Hawk cruise 13); and vernal warming proceeded
at about this same rate there in 1920, when the surface reading rose from 2.5° off
Gloucester on March 1 (station 20050) and 3.3° on April 9 (station 20090) to 6.39°
on May 4 (station 20120) and 9.72° on May 16 (station 20124).

This thermal changeis accompanied by an alteration in the regional distribution
of surface temperature over the bay. Cape Cod Bay continues to be its warmest
center, the immediate vicinity of its northern coast line its coldest, reflecting local
stirring by the tide or some upwelling, as is the case in April (fig. 22). In 1925,
however, the summer state was foreshadowed, as early as the last week in May, by
slightly higher surface readings (9°) at the outer stations than between Stellwagen
Bank and the shore (fig. 28).

The surface of Ipswich Bay, just north ·of Cape Ann, warms as rapidly from
April through Mayas does Massachusetts Bay, judging from readings of 3.05° on
April 9, 1920 (station 20092) and 7.22° on May 7 and 8 (station 20122).

Similarly, the surface temperature of the basin abreast of northern Cape Cod rose
from 3.61° on April 19 (station 20116) to 9.17° on May 16 (station 20125); the sur
face of Gloucester and Boothbay Harbors rose from about 4° to about 9° between
April 15 and May 15, and Lubec Channel from about 2° to about 5° during this same
interval (figs. 29 to 31). As Doctor McMurrich 18 records a rise from about-1.67°
at St. Andrews, on March 3, to about 5° to 6° in mid-May after the very cold and
snowy winter of 1916, when the water was about 1° colder there than it was in 1917
(Willey, 1921) or than it is likely to be again for some years to come, the surface
may be expected to warm by about 5° to 6° between the middle of April and
the middle of Mayall along the western and northern shores of the gulf and out over
the southwestern part of the basin generally. This warming, however, is made
irregular, no doubt, or even intermittent, by local fluctuations in the weather (e. g.,
helated snowstorms) and by the cold freshets from the rivers.

The rise in surface temperature proceeds somewhat less rapidly out across
Georges Bank, on the southwestern side of which we found the surface only about 3°
warmer on May 17, 1920 (stations 20128 and 20129), than it had been there on
February 22 (stations 20045 and 20046). Vernal warming is also less and less rapid
from west to east across the gulf (fig. 32), with readings only fractionally higher along
the coast of Maine east of Mount Desert Island on May 10 and 11,1915, than on
April 12, 1920, or between Grand Manan and Nova Scotia in 1917,17

Whether the surface stratum is warmer or colder in'May than in April, from
southern Nova Scotia out across German Bank (where the Nova Scotian current
from the eastward exerts its chief effect), depends on the date when this current
reaches its maximum and slackens again, events that certainly fall several weeks
earlier in some years than in others. In 1919, as noted above (p. 553), icy water from
this source was pouring into the gulf as early as the last week of March in volume
sufficient to chill the surface to 0° as far west as the eastern side of the basin; but

" Plankton lists (p. 613).
11 Mavor (1923, p. 376) lllClOrds the suiraC8 at Prine. station 3 as 2.270 on Apr. 9, 1917, and 2.960 on May 4.
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FIG. 28.-8urfaC8 temperature of M~1I8dtsBayat the Surface (saUd curves) and at 20 meters (broken curves), May
20 to 22, 11125
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its flow must then have slackened (or its temperature have risen), beeallse the surface
temperature of the critical locality rose to 4.6° by April 28 and to 7.8° on May 29,
though the whole column of water on German Bank was still only 2.7° and 4.2°,
respectively, on these dates (ice patrol stations 3, 21, 22, 37, and 38, p. 997). The
seasonal time-table seems to have been about the same in 1915, when the cold Nova
Scotian water was responsible for a temperature of about 3° from German Bank
out across the eastern side of the basin on May 6 to 7 (fig. 27), suggesting that the
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inrush into the gulf had reached its head some time in late March or April of that
year. In 1920, however, it is certain that the cold current did not begin to flood
past Cape Sable into the gulf in any considerable voluII;le until after the middle
of April. . .' . "- " .. . . .

Water as cold as 0.27° to 0.56° had, it is true, spread westward past La Have
Bank to within a few miles of the longitude of Cape Sable as early as the 19th of March,
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1920 (station 20075); but this seems to have constituted its western boundary dur
ing the next four weeks, because the whole column warmed by about 10 on Ger
man Bank and near the Cape between March 23 and April 15 (stations 20085 and
20103, 20084 and 20104), instead of chilling, or at least remaining stationary in tem
perature, as would have happened with any considerable flow of 00 to 10 water from
the east. Nor did any extension of icy water develop to the southwestward along
the offshore banks or continental slope during the interval.
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The greatest inflow of this cold water into the gulf may therefore be expected
between the last week of March and the middle of April in "early" years, but not
until the last of April or first part of May in "late" years. In spite of this annual
variation in date, the close agreement between the late April-early May tempera
tures of 1915 and 1919 in the region most affected by it, and the uniformity in tem
perature in the eastern side of the gulf summer after summer, enlarged on below
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(p. 626), suggests that it is not only a regular annual event but that the inflow from
this source is comparatively uniform, both in volume and in temperature, from year
to year. Its chilling effect on the surface temperature certainly extends northward
along the Nova Scotian slope of the gulf as far as the neighborhood of Lurcher Shoal,
where the whole column of waterin 90 to 140 meters was about 0.4° colder on May
10, 1915 (station 10272), than on April 12, 1920 (station 20101)-just the reverse of
the seasonal change to be expected. .
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It is much to be regretted that no data are available for May for the region from
Cape Sable out across Browns Bank, the Eastern Channel, or the eastern end of
Georges Bank. Lacking such, I can not outline the effect of the Nova Scotian cur
rent in this direction. Probably, however, icy water from this eastern source over
flows Browns Bank at some time during April or May, perhaps the eastern end of
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Georges Bank, also; and the presence of a band of water cooler than its immediate
surroundings along the outer side of the latter bank and off Marthas Vineyard in sum
mer (p. 608) suggests its influence.

It is still an open question how far westward into the gulf the vernal warming
of the surface is retarded by this same agency. Even without its chilling effect, the
surface probably would not warm as rapidly in the eastern side of the gulf as in the
western, because the heat received there from the sun is more rapidly dispersed down
ward by more active vertical tidal stirring. Consequently, a slight west-east differ
ential in surface temperatures, late in spring or early in summer, does not necessarily

J!~"~~~ ...__....._\,'.

+./", l- '. ... U'

,../,(.•../ ....•.....)

71'

...

70' 89' 98' 87' 88'

FIG. 32.-Normal rise In surface temperature from mld·April to mld·May. The hatched area experiences cooling

imply cold water from the eastward as its cause unless it reflects a corresponding
difference in the mean temperature of the upper 40 to 60 meters.

Up to the present time we have found no positive thermal evidence of the Nova
Scotian water beyond the eastern arm of the basin (the situation of ice patrol station
No.3, p. 997); and the temperature (salinity, too) of the gulf is so uniform from sum
mer to summer that vernal chilling from this source is "not to be expected farther west
than this, unless an exceptional spring may see a much greater inflow of cold water
from the east than usual past Cape Sable.
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BELOW THE SURFACE

In the northern and western parts of the Gulf of Maine, to which the chilling
effect of the cold Nova Scotian water does not reach and which are only indirectly
affected by the shoreward and seaward oscillations of the warm oceanic water out
side the edge of the continent, the superficial stratum, down to say 20 meters, is
sensibly warmer by mid-May than in April. The surface, also, warms so much
faster than the water only a few meters down that a temperature gradient of several
degrees develops over all this part of the gulf by the end of Mayas the first step
in the transformation from the homogeneous state that characterizes the upper 100
meters at the end of the winter (p. 523) to the very steep gradient of summer (p. 596).

Thus, the mean temperature of the 20-meter level of Massachusetts Bay was only
about 1° higher on May 20 to 22, 1925 (about 5.5°), than it had been on April
21 to 23, the difference between this depth and the surface having now increased to
about 3° to 5°, except around the shores of Cape Cod Bay, where tidal stirring was
active enough to maintain a more homogeneous state (Fish Hawk cruise 13, stations
6 and 7). Local differences of this sort, in the rate at which heat is transferred
downward into the bay during the spring, were responsible for a regional variation
of about 6° (from 4° to 9.9°) in the temperature of its 20-meter level at this date,
and for a regional distribution (warmest in Cape Cod Bay) paralleling the sur
face (fig. 28); but evidently they had not yet been effective much deeper than 20
meters, because the temperature of the bay still continued virtually uniform from
station to station at the 40-meter level and at nearly the same values (3.3° to 3.8°)
as it had a month earlier.

While the deepest water of the bay (at 70 to 80 meters level) had warmed by
about 0.2° meantime, the source of heatin this case was probably the bottom water
offshore. Similarly, fthe 40 to 60 meter level of the bay warmed by only 0.6° in
1920 between April 9 (station 20090, 2.3°) and May 16 (station 20124, 2.9°) i the
bottom water in 100 to 120 meters by only about 0.4° (from 2.3° to 2.7°), although
the surface temperature rose by about 6.4° meantime. In short, seasonal warming
is negligible at depths greater than 25 to 30 meters until after the third week of May
in the Massachusetts Bay region.

This statement applies equally to Ipswich Bay north of Cape Ann, where the 20
meter level warmed from 1.94° to 4.18° between April 9 and May 7to 8, 1920, and
the 40-meter level only from 2.45° to about 3.1° (stations 20092 and 20122), with no
appreciable change at depths greater than 60 meters, so that the vertical range of
temperature between-the surface and 40 meters increased from only about 1° to
nearly 5° during the 4 weeks' interval (fig. 33).

In the basin off the northern part of Cape Cod, just outside the 100-meter con
tour, the 40-meter temperature rose from 2.2° on March 24 (station 20088) to 3.78° on
May 16 (station 20125), while the temperature at 100 meters hardly changed appre
ciably during this interval of nearly 8 weeks. Below that depth the water, which
had cooled slightly from March to April, then warmed fractionally, so that the
curves for March and May fall close together (fig. 3) at 140 meters (about 3°_4°).
In the southwestern part of the basin, where no observations were taken in April,
a similar difference obtains between records for May 17 and February 23, 1920,
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showing a warning of about 4° at the surface (7.22° to 8.33° in May, according to
the locality), but with very little change at 100 meters.

Turning now to the opposite side of the gulf, Mavor's (1923) tables show the cen
tral part of the Bay of Fundy warming only fractionally at any level from April 9
to May 4, 1917 (whole column then between 1.9° and 2.8°), but then more rapidly
to 8.18° at the surface, 4.68° at 30 meters, and 3.92° at 100 meters on June 15.

Assuming, from the character of the winters preceding, that the mean temperature
at 40 meters ranged about 1° lower at the beginning of spring in 1920 than in 1915,
the difference between the April and May readings, just summarized, suggests that
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FIG. 33.-Vertical distribution of temperature in Ipswich Bay on April 9,1920 (A, station

200(2), and on May 7 and 8, 1920 (B, station 20122)

this level normally warms by about 1° during the interval from mid-April to:mid-May
in the parts of the gulf where the change is most rapid.

Taking the open gulf as a whole, the 100-meter readings for April, 1920 (a!cold
year), so closely reproduced the May readings for 1915 (a warm year)lS that the tem
perature of the mid-depths may be described as virtually stationary during this part
of the spring.

As the result of the two contrasting processes-vernal warming in the western side
of the gulf and the inflow of cold water into the eastern-the regional distribution

"MaIlmum divergence at this level, for pairs of stations, was only from 3' in the western basin on Apr. 18, 1920, statioIl
20115, to t.8' on May t, 1915 ,station 10267.
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of temperature at the 40-meter level alters from April (fig. 24) to mid-May (fig. 34)
by a shift of the coldest area (1.58° to 2.1° in April, 1920; 3° to 3.25° in May,;1915)
from the western and northwestern sides of the gulf to the eastern side. Similarly,
the warmest center shifts from the eastern arm of the ba.sin, where the April read·
ings were highest in 1920, to the western, with the coastal sector fromMassachusetts
Bay to Cape Elizabeth (4.5° to 5.1°, May 4 to 14, 1915), with about equal tempera
turesalong the southwestern edge of Georges Bank (5.4° to 5.6° on May 17,1920,
stations 20128 and 20129).

The mid-stratum of the gulf, as illustrated by the 100-meter level, continues
through Mayas regionally uniform in temperature as it is in April (fig. 25), with an
extreme recorded range of only 2.45° within the gulf for the two years 1915 and 1920
(2.65°, Massachusetts Bay, station 20124, to 5.1° northeastern part of the basin, sta
tion 10273) and slightly warmer (7.5°) along the southwestern slope of Georges Bank
(station 20129). Within the basin of the gulf the 100-meter readings for May have
been highest (4.4° to 5.1°) in the central and northeastern parts, lowest in the western
(2.6° to 3.5°) and eastern sides (about 4°). This last reading perhaps reflects the
chilling effect of the Nova Scotian current from above; but there is no reason to
suppose that the latter influences the spring temperature much deeper than this,
because the l50-meter readings for March 2 and 23, for April 17, 1920, and for May
6, 1915, all fall within 0.2° of one another (about 5° in temperature) in the eastern
side, and are nearly as uniform over the gulf, generally, for all the May cruises, as
appears from the following table:

1915

Station
Approxi

mate
temper

ature

1919

Station Temper
ature

1920

Station Temper
ature

10267 . _
10268 . _
10269 .
10270 _
10273 _
10278 _

'0. '0. '0.
5.2 Ice patrol 20 I . . 4.35 20125'_________________________ 4.04
5 Ice patrol 21__________________ 4.4 2l1126__________________________ 45. 1 20127 1 , 3.8

i: ~8 :::::~:::~=:::==:::::=:::::::~:: ===~===~=~i:===:===:==::·==:========:==:==:: =:=====~~:
I At 146 meters. • At 140 meters.

Thus the open basin of the gulf may be described as virtually uniform in tem
perature from side to side at the 150-meter level in May, though the precise read
ings may be a degree or so warmer or colder from one year to the next. The read
ings at the four deepest stations for May, 1915, also fall within 0.2° of one another
at 185 to 190 meters (5.6° to 5.9° at stations 10267, 10268, 10269, and 10270).

The graphs for individual stations (figs. 3 to 11) show that in May (as is the
ease throughout the spring) the horizontal uniformity in temperature in the deep
strata of the gulf usually is associated with a considerable rise in temperature with
increasing depth, from the 50 to 100 meter level downward~ As an example, I may
cite a station off Cape Ann, occupied on May 4,1915 (station 10267), when the 130
meter reading was 4.69°, with 6.59° at 260 meters depth. During the month the
200-meter level has averaged slightly warmer than the 100-meter level in the open
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basin of the gulf. In the Bay of Fundy, however, access to which for the inflowing
bottom drift is hindered by the contour of the sea floor (p. 691), the temperature was
virtually uniform from the 75·meter level downward on May 10, 1918 (about 2°),
while in 1917 it was slightly lower (2.11°) at 175 meters than at 75 to 100 meters
(2.2° to 2.8°) on the 4th of the month (Mavor, 1923). The deep sink inclosed by
Jeffreys Ledge (recalling the Bay of Fundy in the contour of its floor, though smaller
J.n area) was likewise nearly uniform in temperature from 100 meters (3.45°) down
00175 meters (3.7°) on May 14, 1915 (station 10278). .

Whether the bottom water of the gulf basin cools or warms slightly from April
through May, or whether the temperature remains virtually constant there, depends
on the pulses just discussed (p. 555) and on the quantity and temperature of water
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FIG. 34,-Temperature at a depth of 40 meters, May 4 to 14, 1915

brought in by them. If the inward drift over the bottom continues comparatively
constant, little or no change is to be expected in the bottom temperature. If, how
ever, the flow slackens or ceases, vertical circulation, from which no part of the gulf
is free, will tend to equalize the temperature vertically; that is, to cool the deepest
water while warming the overlying stata as they mix together. A pair of stations in
the southwestern part of the basin for February and May, 1920, illustrate just this
change, the slight rise in temperature with increasing depth from 100 meters down
ward to bottom in 150 meters, which was recorded for February 23 (station 20048),
giving place to perfect vertical homogeneity by May (station 20127), while the 140
to 150 meter level cooled from 4.87° to 3'8° and the 100-meter level warmed from
3.54° to 3.8° during the interval.
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The spacial distribution of temperature in May may be illustrated in a more
connected way by three west-east proffies of the gulf-the first for April 28, 1919
(fig. 35), the second for May 4 to 7, 1915 (fig. 36), and the third for May 29 to 30,
1919 (fig. 37).

The first of these is interesting chiefly as it outlines the extension of the cold
Nova Scotian current into the eastern side of the gulf, indenting like a shelf into the
warmer water of the basin (isotherm for 4°: fig. 35). Water almost equally cold,
washing the slope of Cape Cod at 60 to 120 meters in the opposite side of the profile,
is reminiscent of the previous winter's cooling in situ; and the definite separation of
these two cold masses by slightly higher temperatures in the central part of the basin
deserves emphasis. Unfortunately no readings were taken deep enough in the basin
to show what relationship the temperature of the bottom stratum bore to that of
the mid depths at the time. So far as they go, however, they point to a homogeneous
state at depths greater than 100 meters.

Although the May profile for 1915 (fig. 36) was run only a week later in date,
the presence of a lenticular mass of 5° to 6° water over the western part of the basin,
with maximum thickness of about 50 meters, illustrates a considerable advance in the
seasonal cycle, reflecting the penetration of solar heat downward from the surface
into the underlying water. Below it the cold coastal band that skirts the western
side of the gulf earlier in the spring (the product of local chilling) is still represented
at the mouth of Massachusetts Bay by temperatures of 3.5° to 4° at depths greater
than 20 meters.

Whether the cold water of Nova Scotian origin in the eastern side of the gulf
assumed a shelflike outline earlier in that particular spring, as it certainly did in
1919, is not known. If so, its tip had been eaten away by mixture with the sur
rounding water until its limiting isotherm (4°) had come to assume the more nearly
vertical course shown on the profile (fig. 36). In actual temperature, however, this
cold water mass was very nearly the same in 1915 as the ice patrol found it in 1919,
one of the many illustrations that might be cited of the surprising constancy of the
gulf in temperature' from year to year. The presence of appreciably warmer
(4° to 5°) water below it in both these years illustrates how strictly the inflow past
Cape Sable into the gulf is confined to the upper stratum above the 100 to 120 meter
level, a phenomenon resulting from the distribution of density in this side of the gulf
(p. 946). As a consequence, the surface is the coldest level there in May, or at least
the lowest readings will be had only a few meters down.

Figure 37 illustrates still a later stage in the thermal cycle, the Nova Scotian
current having slackened and the two cold water masses that hug the two sides of
the gulf earlier in the season having merged into the general stratum of minimum
temperature (4° to 5°) at the 50 to 120 meter level. Vernal warming is illustrated
further on this profile by a rise in the temperature of the upper 10 meters from about
5° at the end of April (5° to 6° on May 4 to 6, 1915) to 8° to 9°. In the deeps of
the gulf a rise in temperature from about 4.5° to 5.6° to 6° during the preceding four
weeks (cf. fig. 37 with fig. 35) is evidence of a considerable movement of slope water
through the Eastern Channel into the gulf during the interval. However, the nearly
horizontal course of the isotherm for 5 degrees across the basin on May 28 (fig. 37),
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evidence of a static
condition in the bot
tom water rather than
one of active circula
tion, marks the precise
date when this profile
was run as falling be-

~ tween two of the
~. pulses by which this
:;: indraft is believed to
~i progress (p. 558), not
.8 as coinciding with one
§ of them. Whether
;q such a pulse annuallyI succeeds the slacken
o ing of the Nova 8co
: tian current remains
~ to be learned, but this
~ is not unlikely.
~ In 1920 the
~ general increase in

::s temperature that in'Q
.d volves the gulf proper
~.. and the. western part
.; of its offshore rim from
~ April to May, did not
e, extend to the seaward
.1l slope of the latter.
i There, on the contrary,
.~ a change of the reverse
~ order took place from
Z about the 40-meter
~ level right down to
~ the bottom in 150 to
~ 200 meters (fig. 38),
~ illustrated by a de:"
~ crease in the bottom
£ temperature from

11.50 on February 22
(station 20045, 150
meters) to 8.280 on
May 17 (station
20129, 160 meters).
Accompanied, as it

~ ~ 2 ~ ~ ~ was, by a correspond-
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ing freshening at the bottom, this cooling is clear evidence that the Wlmll, highly
saline oceanic water that bathed this part of the slope in February, as it usually
does in summer (p. 617), had receded offsh,ore by May. Lacking data farther east
ward along the slope for this season, it is impossible to state the precise cause of this
event further than that it probably represented a dynamic alteration (p. 936) rather
than a direct extension of Nova Scotian water in this direction (p. 825).

Whatever its cause, however, the fact that so great a chilling of the bottom
water undoubtedly did occur in justthis location in 1920 (and may, perhaps, every
spring) is of great interest biologically, as events of this sort necessarily limit the per
manent bottom dwellers of the eastern part of the so-called "warm zone" to such
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FIG. 37.-Temperature profile from a point a few miles of! Cape Cod to German Bank, for May 29 and 30, 1919 (ice patrol
stations 35 to 38}

animals as can survive temperatures as low as 7° to 8°. Unfortunately no readings
~ere taken there during the only spring (that of 1884) when a serious mortality is
known ,to have taken place among its inhabitants-invertebrates as well as fishes
(notably the tilefish)-but in very cold years the temperature there may fall several
degrees lower, perhaps, than happened in 1920. Tentatively, mid May may be set
as:the coldest Season on bottom along this part of the continental slope-three months
,ater than in the inner waters of the Gulf of Maine.

JUNE

I am not able to present as satisfactory a thermal picture of the gulf for June as
for the spring, no measurements of temperature having been made in the western
side of the basin, along shore between Cape Ann and Cape Elizabeth, nor on Georges
Bank during that month. On the other hand, our Jun.e pruise of 1915 led far enough
eas,t past Cape Sable to cross-cut the Nova Scotian current b~fore it pass~s that
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RATE OF WARMING
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Progressive warm
ing is to be expected,
of course, over the
whole area throughout
the month of June.
Thus, the surface had
warmed to 10.56° at
a station 8 miles off
Gloucester on the 6th
in 1924, and to 12.1°
15.2° over Massachu
setts Bay generally
by the 16th or 17th in
1925, an average
change of a bou t 5
degrees since May 20
to 22. At the 20
meter level these mid
June temperatures
averaged about 7.8°
(18 stations), contrast
ing with about 5.5°
in May (p. 564), with
the readings for June
6, 1924 (6.2°) inter
mediate, as the date

FIG. 38.-Vertlcal distribution of temperature on the southwestern slope Qf Georges Bank to would suggest. These
sllow cooling of the bottom water, but warming at the surface, from February to May,
1920. A and B, February 22 (stations 20046 and 200(6); AA and BB, May 17 (statiOns Massachusetts Bay
20128 anU1l2ll) stations for 1925 also

illustrate interesting regional differences in the rate at which heat penetrates down
wa.rd into the water during the late spring and ea.rly days of summer, depending

Meter 0

promontory, The Fish Hawk, also, made a general survey of Massachusetts and
Cape Cod Bays on June 16 and 17 in 1925. A few temperatures were taken by the

Halcyon near Glouces
Temperature, Centigrade ter on the 6th in 1924,
5° 6° 7" 8° go , no 1_1° 12° 13°·v in the Nantucket

Shoals region during
the first half of the
month in 1925, and
Dawson (1922) also
took a considerable
number of June read
ings along Nova Scotia
in 1904 and 1907.
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chiefly, it would seem, on differences in the extent to which the water is stirred by
the tides and on the freedom of interchange of water between the coastal zone and
offshore-perhaps tosome degree on upwellings.

In midwinter the Plymouth shore and Cape Cod Bay to the southward see winter
chilling more rapid than in any other part of the Massachusetts Bay region (fig. 81).
With the advance of spring, however, the regional relationship is reversed, so that by
May we find the surfacE) water warmest in Cape Cod Bay (p. 557, fig. 28). During
the last week of that month,however, and the first half of June, the western side of
Massachusetts Bay had caught up with Cape Cod Bay in the progression of temper
ature, so that all this area (inclosed by the isotherm for 15° on fig. 39) was now
nearly uniform (15 to 15.2°) in surface temperature, except for one station off Plym
outh Harbor, where vertical circulation of some sorti was responsible for a slightly
lower reading (14.43°).

Considerably lower surface temperatures (12.1 ° to 13.3°) ,right across at the mouth
of the bay, show that the offshore waters had lagged behind thc coastal belt in
warming; and still lower readings (12° to 13°), along the north shore of the bay
deserve emphasis because the 20-meter level was warmest here, coldest at the mouth
of the bay, and with a rather surprisingly wide range in temperature (12.03° to 4.56°)
from station to station. Active vertical stirring is clearly responsible by bringing
the upper 20 meters within the immediate effect of the sun's rays, to warm nearly
uniformly along the northern shore. At the same time it is probable that the
warming of the upper stratum in this particular region is forwarded during June by
a more or less constant drift of the surface water-already warmed to 12° to 14°
temperature-around Cape Ann and westward into the bay. Consequently, a some
what higher mean temperature for the upper 20 meters may be expected to prevail
along its northern shore than in its central parts in June, just as was actually
recorded in that month in 1925 (Fish Hawk cruise 14, stations 35 to 37), instead of a
lower mean temperature, as is the case later in the summer.

More rapid warming of the surface along the Plymouth shore and in Cape Cod
Bay, but a slower rise in temperature at 20 meters, points to a less active overturning
by the tides; and the fact that the surface and 20-meter readings both averaged 2°
to 3° higher there than over the deep sink off Gloucester (Fish Hawk station 31) is
evidence that the interchange of water between the open basin of the gulf, on the
one hand, and the western and southern parts of Massachusetts and Cape Cod Bays,
on the other, had been so slow for some weeks previous that the latter had acted as a
more or less isolated center of local warming. On the other hand, the low temperatures
(5 to 6°) at the 20-meter level along the eastern side of Stellwagen Bank, at the
mouth of the bay, point to a certain amount of upwelling over the slope of the latter,
bringing up cold water from greater depths offshore.

These regional differences in the June temperatures for 1925 are smoothed out
over the Massachusetts Bay region with increasing depths. At 40 meters, for example,
the extreme range of temperature was then only from about 3.5° to about 6.1 0, with
the mouth of the bay uniformly 4° to 4.5°, and the 40-meter temperature (about 3.6°)
off Gloucester for the 6th of the month, for· 1924 (station 10653), falls within this
range. At 75 to 94 meters thetemperatures.()f Massachusetts Bay were also about

8951-28---87
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the same in 1924 (3.13°, station 10653) as in 1925 (3,9r:' and ,4.04° at Fish Hawk
stations 30 and 32).

Out in the open basin, off Cape Ann, the surface warmed from 6.1° on May 4,
1915 (station 10267), to 13.6° on June 26 (station 10299), or at about the same rate
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1'10. 39.-Surface temperature In mld.June ·from all avaiJablll80uroes. The dptted curves~ based on Dixon's (1901)
tabUlation

as in Massachusetts Bay in 1925. The 46-roetertemperature, however, rose by only
1.5° during the interval (from about:5.2°toabout 6.8°), while virtually. no change
took place at 90 meters or deeper (fig. 5). It is probable, also, th.at the seasonal
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stiocessionillustrll.ted by these two stations is characteristic of that side of the ba.si.n
in'general.

'No observations have been taken in the western side of the gulf in June, or on
Nantucket Shoals, on the cruises of the Bureau of Fisheries' vessels, except those
just mentioned; but the dailydata tabulated by Rathbun (1887) for several lighthouses
and lightships partially fill the gap for the coast sector between Cape Ann and the
Mount Desert region, and are Consistent with the serials taken of late years in the
northeastern part of the gulf, in the Bay of Fundy, and in Massachusetts Bay.

Approximate temperatures (°0.) at the 8urface on June 15, from Rathbun'8 (1887) tables 1

Locality 1881 1882 1883 1884 1883 Average
---------'----------------1-- - ---------
Pollock Rip IIghtshlp_•••_. • ._. ._._. ~ ._. •••__••__• ._••_ 14.2 9.7 12.2 11.7 10. 6
Thatchers Island (Cape Ann) Iight. __._••••••• __•• __ •__••• • __ •••• • ••_ 13. 2 __",_ 12. 2 _._••• _••, ••
Boon Island IifJht••-.-----.-••• --.••_. ••__ • •••• ,._••_•• ._. •••_. 10 8. 3 10.6 n.4 10.3

=1~~~~fiiit:::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::: :: ~ 1~..~ 1~: ~ 1k ~ U
Petit Manan light •__._._. __ ' -. •__••••__••••••••_~••••_._. • •••_•• __•••• 7.6 S. 9 10.3 10.6 10. 1

'I Given only to nearest 0.1 0.

11. '1
12.7
10.1
10.7
7.9
9.5

The lO-day averages for Gloucester and Boothbay for 1920 (figs. 29 and 30)
show that the water warms only slightly faster. in inclosed locations of. this sort than
off the open coast (compare 13° at Gloucester and about 1.2° at Boothbay on JUij.~

15 with Rathbun's record of 12° to 13° at Thatchers Island, off Cape Ann, and of 9°
to 11° at Seguin Island. A temperature about 3 degrees lower at Matinicus Rock,
a.t the mouth of Penobscot Bay, than at Seguin Island, some 34 miles along the
coast to, the westward, probably reflects some local retardation of vernal warming
by the spring freshets from the Penobscot River. Conversely, the comparatively
high temperature at Petit Manan suggests that readings fIJ3'w!U:'m as 10° are to be
expected by June 15 after a few days of warm weather, inshelte~ed locations along
shore in shallow water, to the east as well as west of Mount Desert. In fact, Doctor
McMurrich records almost as high surface temperatures (9° t09.S0) at St. Andrews
by June 15 in 1916. Lubec Narrows, however, open to the Grand Manan Channel
and with a great volume of water rushing through on every tide, had warmed to
only about 6° by this date in 1920 (fig. 31).

Earlier in the season, and up to mid May, the vertical distribution of tempera
ture in the upper 150 meters or so is of one type throughout the inner waters of the
~, though. the actual values differ slightly from station to station. During late
May and June, however, very important differences develop between the state just
d~B,Cribed for the western side of the gulf (where the rapid warming of the upper
s#-~tum 1?y the sun, coupled with the suddeQ. esta~lish.ment of a high degree of
V;6f~cal stability, causes the development of a steep temperature gradient in the
upper 40 to 50 meters, overlying water more nearly homogeneous) and the north
eastern, part of the gl,llf, where more active stirring by the tides spreads the warmth
received from the sun through a thicker stratum of water. Furthermore, we find
the rate of warming de~reasing fr9m west to east as we follow around' the coast line
of the gulf, even after this regional difference in the downward dispersal of the heat
received has been allowed for. Thus, the surface had warmed only from 5° OD May
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~~ (station 10276) to 7.8° Qn June 1~ (station 10287) off Penobsco,t JlaYi the 40~

meter level from 4.2° to about 5.8°, while the courses of the curves suggest that no
~ppr~c~ble change in the temperature of the wateJ: is to be e:lCpected at or below 80
D),eters Qffthis part of the coast during the month of June.

lathe imm~iate vicinity of Mount Desert Island the surface temperature rose
by about 1° from May 10 to 11 (stations 10274 and 10275, 4.2° and 4.4°) to
June 10 to 11 (stations 10283 and 10284, both 5.4~); but four days Jater surface
readings of ,7.5° to 8° were had at three stations (10285 to 10287) a few miles to the
westward. The graphs (fig. 7) for these stations, as compared with May 10 (station
10274), show that the whole columIl, doWn to the bottom in 80 meters, warmed at
a nearly equa.l rate there up to June 10, instead of most rapidly at the surface, as
nappens off Penobscot Bay and in the Massachusetts Bay region, no doubt
because of the stronger tidal currents to the east than to the west of Penobscot Bay
(p.678). ,

Near Mount Desert Island this vertical stirring is sufficiently active to bring
the whole column of water uniformly under the effect of the sun's rays during the
early spring, resulting in the uniform rate of warming from surface ,to bottom just
noted. During June, however, the surface receives heat so rapidly there, coupled
with a corresponding freshening (p. 747), that the column is stabilized vertically,
though the deeper layers are neverso insulated here as in the less actively stirred
WI1.Mrsto the west of Penobscot Bay and to the south of Oape Elizabeth.

In 1915 this establishment of stability in the Mount Desert region evidently
fell between June 10 and June 15, because the surface warmed more rapidly there
between these two dates (a change of, about 2°) than it had during the preceding
month, though the 3Q-meterand deeper temperatures rose by only about 0.2°
meantime.

Data are not available fora general survey of the temperature of the Bay of
Fundy for the month of June, but very considerable local differences in the rate of
vernal warning are to be' expected there during the ea:rly summer to correspond with
regional differences in the activity with which the water is stirred by the violent
tidal currents. The Gra.nd Manan Ohannel stands at the one extrenie, with the whole
column of, water warming uniformly, or nearly so, through June down to 100 meters,
and correspondingly slowly at all depths. Thus, on June 4, 1915, the whole column
of water in the western end of the channel abreMt the north end of Grand Manan
(station 10281; 80 meters) was about 4.5° in temperature, pointing to a rise of about
2° at all levels from the minimum of the preceding winter, and the channel continues
homogeneous in temperature from surface to bottom into August (p. 599).

In the central parts of the Bay of Fundy, however, vernal warming essentially
parallels the account just given for the Mount Desert region, with a similar seasonal
relationship between successive monthly curves (fig. 40) construetedfrom Mavor's
(1923; Prince station 3) records for the spring of 1917, though the actual temperatures
differ somewhat at the two localities. Thus, this Fundy' station wl1.rmed from 2.96° to
8.18° at the surface between May 4 and June 15; from 2.01° to' 4.13° at 50 meters;
from 1.87° to 3.92° at the 100-meter level; arid from 1.75° to 2.08° at 150 meters;
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so that the temperature cuNes for the two dates recall those off Mount Desert for
May 10 and June 14, 1915, in their mutual relationship, A similar seasonal rela-
tipnship also obtains between serials taken in the Fundy Deep nearby on March 22,
1920 (station 20079), and June 10, 1915 (station 10282),
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FIG. ~Vertlcal distribution of temperature In the Bay of Fundy In 1917, from Mavor (1923,
Prince station 3, 1916-17). A, February 28: B, May 4,; C. June 15: D. July 4,: E, July 31; F,
September 4,. •

In 1917 thesurface temperature had risen only to 8.68° at the Prince station by
JWY 4 (Mavor, 1923, p, 375); the 50...meter level to 5.06°, the 100-meter level to
.4,5°, and the 150-meter level to 4.21°; but warming either took place more rapidly
in the Bay of Fundy in 1904, or the temperature did not fall so low there during f;h.e
preceding winter, because Dawson (1922, p. 82, station F) found the deeper strata of
the Fundy Deep about 2° warmer'than this a week earlier in the season, as follows:
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SerW, temperl;Jture8 (0 0.), i~ Fundy Deep/of""une, 1004-, after Dawson (lOBB)

. Depth June 23, JlUIe 29,
1904 19041 Depth .June 23,' ,June 29-

1904 1904 1

Surface _
9 meters _
18 meters . _

8
7.5
7

11.1 27 meters _
9.7 55 meters _
9.4 91 meters _

6.7
6.4
6.4

8.6
7.5
6.4

1 Dawson's records are given to the ne!¥'est 0.50 F.

Surface water only about 4° warmer than the 50 to 60 meter level at these Bay
of Fundy stations, as late as the last half of June, is an interesting contrast to the
coastal sector between Cape Cod and Cape Elizabeth, where the surface temperature
rises to 7° to 8° higher than 50 to 60 meter temperature by that season; nor does
this regional divergence reach its maximum until late in summer (p. 596).

The most interesting phase of the June temperatures for 1915 is the light which
they throw on the hydrographic cycle in the southeastern parts. of the gulf. As
stated above (p. 561), actual chilling takes place over the banks west of Nova Scotia,
and out into the neighboring basin, from April to May, while the icy water of the
Nova Scotian current is flowing into the gulf from the east past Cape Sable, although
vernal warming is well under way elsewhere.

In 1915 this flow had become so weak during the last half of May (if it had not
ceased altogether) that it no longer offset the normal tendency of the water to warm
at this season. Consequently the temperature of the whole column of water on
German Bank rose from about 3° on May 7 to about 6° on June 19 (station 10290).
Unfortunately, the neighboring station in the basin (10270) was not revisited in June;
but the surface a few miies northward also warmed from a temperature of 4° to 5°
in mid May t.o 9.7° on June 19 (station 10288), though with a rate so rapidly decreas
ing with depth that the deep water, at 100 to 180meters, was only 0.4° to 1° warmer
on the later date than on the earlier one. As this rise of temperature in the deeps
was accompanied by a corresponding rise in salinity (p.755), it is to be credited to a
renewed pulse in the inflow through the Eastern Channel, and 1919 seems to have
been a still," earlier" season in this respect, as described above (p. 558).

Off Shelburne, only 25t() 30 miles to the eastward of Cape Sable, by contrast,
the 50 to 75 meter stratum continued very cold next the coast (0.7° to 0.9°) until
the last week of June in 1915 (Bigelow, 1917a, stations 10291 and 10292), and was
only slightly warmer at the end of July of that year (Bjerkan~ 1919) or in July, 1914
(station 10231). Consequently, it would not be surprising to find the water along
western Nova Scotia temporarily chilled by a renewed pulse from this icy reservoir
at any time during June, either at the surfaGe or a few meters down. Serial readings
taken off Yarmouth, also off Cape Sable, by Dawson in 1907 (1922, p. 82, stations
M and S),show that some such event did take place that year, made evident by
a drop in the bottom temperature (55 meters) in the offing of Yarmouth, Nova
Scotia, from 4.7° on June 17 to 1.1° on June 25, although the surface water con
tin.ued to rise in the' normal seasonal advance.
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,)T,41mperat~rl!s ec.) 17 miles southwesterly from Cape Fourckuin190r, from Dawson (19BB, p. 81)

Depth June 17 June 21 June2S

'Bmface:7,,""'"'-,-.-._.,...__-••-••-••-._-._-••- ••- ••- ••- ••-._-••-_.-_-._-__-__- __- ••-_.-__-_.-__-_.-__-~_-_.-__-_.-__- __- __- __-._-._-_-._-••-__- __-_.-".-._-_.-.11-~5.--6--0.-.- ---8.-0
"meters ._••_. _. .; ••_.__"_. • ••_••_.c ••• ._•••••••• ••• 5 0. 1 6. 0
18 meters••.•_••••_. __ ••_. •• ._••• •__•• ._~.__ ._. " • ••_••__ ••••• . .5 4. 7 8. 9
21'meters.~ •••••••_". •__._" "•••• _._._.•_. • • • ; •_••_.______ •• 7 •• 7 2. 8
66 meters_. •••_•.••_••• ._._•••_._•• ••__•__._. • • •__•••_._._•• 4. 7 4. 7 1.1
1,;" .

,I
The source of this cold indraft is found near Cape Sable-by Dawson's records

10 miles south from Brazil Rock on the 26th and 27th; quoted below-which also
.shows an interesting variation in temperature at different stages of the tide.

Temperatures (OC.) 10 miles south of Brazil Rock (from Daw80n)

Depth
June 26, June 27,

high low
water water

Slitface.. • ••••••__ ... _. __ •__• •••_. •__ ••__•.••_._. •__ • •• __~_._
ometers. • ••_•• • ., •••
18 meters. '_. __ • . ._. ~ _
21' meters • ••_. . . • •• • •. , • _
n Iileters. _". •• • • • • • • • _

8.6
4.7
2.8
2.5
1••

7.8
7.5
4.7
3.9
1.9

It is probable that when belated overflows of the cold Nova Scotian water into
the gulf do occur after early June they are of brief duration, for we have found no
evidence of such an event later in the season on our recent cruises.

'Dawson's June temperatures likewise afford an interesting illustration of the rate
at which the surface water may be expected to warm along the Nova Scotian coast
sector between Yarmouth and Cape Sable during the month of June. Thus, the
surface there was 4.4° to 5° on the 7th of the month in 1904, though it had already
risen to 6° at the mouth of Yarmouth Harbor by that date. In 1907 the surface
was 5° to 6° in the offing of Yarmouth on the 11th to 15th; 6° to 7.8° on the 22d
(warmest close in to the land); 6.5° to 8° to the eastward of Cape Sable by the end
of that month; but the tide-swept region close to the cape was still only 4.20 to 5°,
and this cold pool reappears on our charts for August (p. 592).

In 1915 the temperature of the surface water had risen to 10°' over Browns Bank
and the Eastern Channel (stations 10296 and 10297) by June 24 to 25, which is 3.50

cooler than the expectation for Massachusetts Bay at that date, and the water that
filled the trough of the channel at depths greater than 100 meters was about 1 to 2
degrees warmer (7° to 8°) than on April 16, 1920 (station 20107). On Browns Bank,
too, the temperature of the bottom water was about 4° higher at the June station
than at the April station (stations 10296 and 20106), but the 40-meter reading
was actually lower in June (2.8°)-colder, in fact, than any June reading in the inner
parts of the Gulf of Maine. The presence of a cold mid stratum at this particular
locality sandwiched between water of 7.36° on bottom at 80 meters, 10° at the
surface, is unmistakable evidence of an extension of the cold Nova Scotian water
from the eastward out over the bank, indenting into the higher temperatures that
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may be expected to prevail there earlier in the season. The profile run across the
shelf abreast of Shelburne, Nova Scotia, the day before (stations 10291 to 10295,
June 23 and 24, 1915) corroborates this apparent tendency for the cold Nova Scotian
current to swing offshore abreast Cape Sable at the time, instead of flowing past the
cape into the eastern side of the Gulf of Maine, as it does earlier in the season. This
profile (fig. 41) lies outside the geographic limits of the present discussion; it will be
enough, then, to point out that it cuts across a lenticular mass of water colder than
2°, occupying the whole breadth of the continental shelf at the 40 to 100 meter level,
with a minimum reading of only 0.7° (station 10292,50 and 75 meters) in the trough
between the land and La Have Bank.

The high temperatures recorded for the Eastern Channel in June, 1915, prove
Browns Bank the westerly boundary for the icy water at the time; but it may
extend across the Eastern Channel to Georges Bank earlier in the month in some
years, a question discussed below in connection with the July temperatures of the
bank (p.919).

Unfortunately, no temperatures have been taken below the surface on any part
of Georges Bank in June. It is probable that the vernal expansion of the cold Nova
Scotian current maintains temperatures lower than 10° on the eastern part of the
bank until the first of the month, and Dickson (1901) so represents it on his chart
of surface temperatures for June, 1897, contrasting with temperatures higher than
12° in the western side of the gulf, on the one hand, and outside the continental
edge, on the other. July temperatures (p. 594), however, suggest that the surface on
the western end of the bankmay be expected to warm to 10° to 11° by mid June,
except locally, where strong tidal currents and rips sweep around its shoalest portions.
Considerable variations develop in the temperature gradient on Nantucket Shoals
by that month, however, according to the local activity of the tidal stirring, for the
Halcyon found the temperatures almost exactly the same on bottom in about 30
meters depth (8.3°) as at the surface near Round Shoal on June 7, 1925, but the
bottom more than 5° colder than the surface 19 in water of about 40 meters depth
only 6 miles to the eastward.

Judging from daily readings made at Nantucket lightship in the years 1881 to
1885 (Rathbun, 1887), and from the Halcyon temperatures just cited, surface tem
peratures of 10° to 12° (varying somewhat from year to year) are to be expected in
the Nantucket Shoals region generally by the middle of June.

GENERAL DISTRIBUTION OF TEMPERATURE

A graphic picture of the June state for the gulf as a whole results from combin
ing the June stations for the various years (fig. 39). Unfortunately, the obser
vations not only include possible annual differences, but. cover too long a space in
time for this surface chart to be as satisfactory as might be wished at a season when
the water is absorbing heat from the sun as rapidly as happens through June. It will
eerve, however, as an indication of the regional distribution and approximate values
that may be expected .jn various parts of the gulf at the middle of the month. Its
feature of chief interest is that the temperature ie higher in the western side than

"Surface 11.7°; bottom 6.4°.



PHYSICAL OOEANOGRAPHY· OF THE GULF OF:MAINE 581

'80.----~~-...--------------'

2001--,.----------,r-"'"""1::=---r--....:.;.

220

260

280

300

320

340

360

380

400

440

4601-.-t:::==========-...;".....~

480.-~-----------------~

4.9'-
500&.-------------------~"'~-----.....
FIG. 41.-Temperature protlle running southward from the vicinity ofShelburne, Nova Scotia, to the contmentat

slope. for June 23 and 24,1916

8951-28-:--38



582 BULLETIN OF THE BUREAU OF FISHERIES

in the eastern side in June, just as it is in May (p. 556, fig. 27), and warmest in the
inner part of Massachusetts Bay.

In June the surface of the gulf is coldest over the shallows west of Nova Scotia,
with rather a sudden transition from surface temperatures of 8° to 9° and higher in
the eastern side of the basin to readings lower than 7° to 8° next the land. The
comparatively warm core (8° to 9°) extending up the deep trough of the Bay of
Fundy, outlined by the curve for 8° on this surface chart, also deserves mention, as
does the slightly cooler zone (7° to 8°) extending westward along the coast of Maine
across the mouth of Penobscot Bay.

In the offshore side of the picture, Dickson's (1901) data for the years 1896 and
1897 locate the isotherm for 15° as following along the continental edge of Georges
Bank, with surface water of 20° separated from the edge of the continent by a wedge
of cooler water increasing in breadth from west to east.

8"10'n'

4'1!=9i=~==~=====~===~F===9F=====~====:!J

FIG. 42.-Temperature of the eastern side of the gulf at a depth of 40 meters, last haIr or June, 1915. The Bay of
Fundy temperature is according to Ma.vor (1923); the temperatures along western Nova Scotia are from
Dawson (1922)

The June chart for 40 meters (fig. 42) shows a gradation in temperature across
the gulf from west to east of the same sort as appears at the surface (fig. 39).
The influence of the Nova Scotian current on temperature at the 40-meter level is
graphically illustrated by an expansion of water colder than 3° from the coast off
Shelburne, Nova Scotia, out across the western part of Browns Bank, contrasting
with higher temperatures (5° to 6°) on German Bank and along western Nova Scotia.

The most interesting feature of this 40-meter chart is the sudden transition
between the cold water on Browns Bank to the much higher temperature (8.2°) in
the Eastern Channel (a horizontal dislocation of 5° in a distance of only about 15
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miles) and its demonstration that the latter is clearly a tonguelike intrusion from
offshore. The records are not sufficient to outline exactly how far 7°-water then
penetrated the southeastern part of the gulf; but the temperatures at such of the
sta.tions as lie in the course usuallyfollo.wedby the inflowingcurrent (6.3° and 6.1° at
40 meters at stations 10288 and 10299) suggest that readings as high as7Q would
not have been found farther west in the basin than is outlined on the chart at any
time during June, 1915. Undoubtedly, however, wide fluctuations occur from year
to year in this respect.

If the data for the two years 1915 and 1925 can justly be combined, as SeeInS
allowable because the preceding winters were not unusually severe, slightly higher
temperatures are to be expected over the eastern and central parts of the basin
generally than either in the northeastern corner of the gulf (including the Bay of
Fundy), on the one hand (40-meter level about 4° to 5°), or off Massachusetts Bay,
on the other, where the Fish Hawk recorded 40-meter temperatures of 3.5° to 4.5° at
most of her mid June stations in 1925. A 50-meter reading of 5.18° in the southern
side of the basin as late as June 25, 1915 (station 10298), suggests that the 6° to 7°
water then takes the form of a pool, as it is shown in the chart, entirely surrounded
by slightly lower temperatures except for its connection with still warmer water out
side the edge of the continent, via the Eastern Channel. A regional distribution of
temperature of this sort is interesting as evidence that the influence of the indraft
through the Eastern Channel may raise the 40-meter temperature of the central
parts of the gulf slightly higher in late June than the figure (4° to 5°) to which solar
warming, unassisted, would bring it by that date.

At a depth of 100 meters (fig. 43) the isotherm for 5° shows a tendency on the
part of this indraft to follow the ·easterri slope of the basin and to eddy to the w.est
ward around its northern side, but this drift seems not to have been active between
the dates covered by this cruise (June 10 to 26) becausl;l not as clearly outlined as in
March, 1920 (fig 13 ),but showing a gradation in temperature from 8 ° in the Eastern
Ch~nnel to 5° at the mouth of the Bay of Fundy. Had water been flowing actively
inward through the channel at the time, a uniformly high temperature (7° to gO)
naturally would have resulted over a considerable area in the eastern side of the gulf.
A transition of the opposite sort along the Northern Channel, from 6° to 7° at its
western end to 2 ° to 3 ° at its eastern. end, is evidence equally clear that no general
movement of the water was taking place through this trough, either westward into
the gulf or vice versa.

Unfortunately, no data are available on the subsurface temperatures along the
seaward slope of Georges Bank for June, but our Shelburne profile for June 23, 1915
(fig. 41), showed the warmest (8°) bottom water separated from the edge of the bank
by a much cooler (about 4°) wedge at 100-120 meters, as seems always to be the case
to the eastward of the Eastern Channel.

The temperature of the bottom water in the deeps of the gulf is always interest
ing because of the light it throws on the inward pulses (p. 922). During the last half
of June, 1915, this was fractionally warmer than 6° in the eastern and south central
parts of the basin at depths greater than 175 to 185 meters (stations 10288 and
10298), underlying a cooler stratum (4° to 5°) at 50 to 150 meters; and although·
no record was obtained of the bottom temperature in the western arm of the basin
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Qn, this· oruise, the presence of 6°~w:ater there on May 4 (p. 566) at depths ,greater
th!lJl 225 to 230 meters, and again ()n August ,3lof the same year (station 10307),
makes it ,almost certain that this was also the case in June.

The relationship wPich this wtn'm bottom stratwn bears to the cooler water above
it and to" the indraft from outside the edge of th,e .continent, is made more graphic by
the accompanying profile, running from the;Eastern Channel westward andinw:ard
along the basin (fig. 44).20 OQstructedon the north by the topography of the sea.
floor, this warm bottom water reaches the western part of the basin off Cape Ann
via. the southern branch of the trough, a route that elJ.tails its rising over the inter
vening ridge to within 190 to 200 meters of the surface.

, FIG. 43.-Temperature at a depth of 100 meters, last half of June, 1915: (The Bay of Fundy is according to Mavor, ill23.)

. ,

It is probable that overflows of this sort are intermitten~frequent enough, how-
eVer, to maintain the bottom temperature of the western Qowqractionallyabove 6°
for most of the year. The greater thickness ofthe warm bottom strat~m in the
southeastern side of the basin (into which the Eastern Channel opens) than. elsewhere
in the gulf corresponds to the proximity of the source of supply;a.nd it is not
unlikely that bottom temperatures of 7° or higher would have been found there at
the end of June had readings been taken in depths greater than 275, to 300 meters.

In horizontal plan the bottom water of 6° takes the form of a V, following the
outlines of the trough of the gulf; its approximate outlines for May and June, 1915,
are shown in the accompanying chart (fig. 45).

IOThe deepest r0adlngsIn the western side of the basin are borrowed from the May statiOn 110261>.
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JULl<AND AUGUST

Th~ v;essels pi, the.Bureau of Fisheries. have taken. a large number ~f observations
within the gulf during the months of July and August since 1912. July and August
!A~watureshave l;>een recorded in various part~of the Bay of Fundy region under
~jl-\lSpices,ofthe Biological Board of Canada,over a series of years.21 . The tidal sur~
'~llMQanada (Dawson, 1905 and 1922) likewise has gathered a considerable body of
thermal informa.tion for the Fundian region and along the Nova Scotian ~de of the
PB~n,Gtili,ofMaine. With such a wealth ofmaterial available, the chiefdifficulty in
ljit,l\Jdislling the normal midsummer state of the gtIlf hasl;>een, to appr~~,s~ the
importance of the annual and sporadic fluctuations that confuse the record.
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fIG....-Temperature. ~rollle running easterly from the basinotr Cape Ann 1I10nl the trough of tb& gnlfto the Eastern
, Channel for'lune 26 and 26, 1916 .

SURFACE

As the result of continued warming by the sun, the surface of allpar~ of the
gulfjs.considerably warmerin July and August than itis in June,in most years
risiJl.g nearly to its maximum by the last week of July over most. of the gulf•. The
'gi-a,phsfoJ,' Gloucester and Boothbay Harbors (figs. ,;;l9 and 30) show that in inclo13ed
sitlJations of this sort the surface water is warmest ,t4en, rnjrroring the air tempera.~

tUllej but in the open waters outside warming continues slowly until well into
August, depending on the weather, with the.r~adingshighestsome time during tile

.; 'II Se8" COpeland (1912); Mavot,Cralgie, aI1d D8tweller(1916); craigie (19161and 19111a);Ctaigi8and Chase (191&);'V.
(1~)';'and Mavor (1923),. ' ,
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last half of the month. On the whole, the surface temperature of the gulf may be
described as more nearly stationary from July'25 to the end of August than over
any equal interval during the spring, on the. one hand, or during the autumn, on the
other.

The surface chart for late summer (fig. 46) represents the average state during
the last week of August. Deviations in one direction or the other from the precise
values·there given are to be expected, however, according as the yearis warm or
cold, the season forward or tardy (p. 626).
. . . The surface temperature within the gulf rises highest over the western and
sOiIthwestern parts of the deep basin, at the mouth of Massachusetts Bay, and in

FIG. 45.-Extent of bottom water warmer than 6°, last half of June, 1915

'Cape Cod Bay, as outlined by the isotherm for 18°.. Within this area readings of
20° have been reported on three occasions, na.mely, twice by Doctor Kendall in the
l~st week of August, 1897, and more recently on August 22, 1914 (station 10254).
On the other hand, the lowest surface reading so far recorded for the last week of
August in this warm subdivision, more than a .few miles out from land, was 17.6°
in the western basin on August 31,1915 (station 10307). The data from the cruises
of 1912, 1913, and 1914, compared with readings taken in August, 1922, and by
;PoctQrKendallin 1897, show that the temperat\{re first re8:ches 18° .at .the mouth
of Massachusetts Bay and out over the neighboring part of the basin in its offing,
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whence the limiting isotherm (18°) spreads south as well as north, to the confines
laid down on the chart, as the summer draws to its close.

We have invariably had surface readings higher than 18° in the outer half of
Massachusetts Bay after the first week of August, and in Cape Cod Bay; but off
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FIG. 46.-Normal surf8C8 temperature tor mld·August, based on a combination otthe recent station records with Rathbun'8
(1887) tabulation at lighthouses, the Canadian records, Dickson's (1901) data, and the dally surface readings, at
Gloucester, Boothbay, and Lubec (tlgs, 29 to 31). (Close to Cape Sable, read <10· for> 10·,)

the tip of Cape Cod, where tidal currents run strong, the surface is usually cooler
locally, as is the general rule in such locations, with readings of 17° to 18° for the
last half of August. For this same reason the coastal belt around the western and
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northern shores of Massachusetts. Bay usually remains cooler than 18° on the sur
face throughout the summer, though warmer than 15°; but as every bather knows,
continued onshore winds sometimes drive the warm offshore water right in to the
beach there, though in a surface film so thin that one's legs may be in decidedly
lower temperatures while swimming. On the other hand, when westerly winds
drive the surface water out to sea, cooler water wells up from below, locally lowering
the surface temperature. Upwellings of this sort, combined with local stirrings by
the tides, are so common an event along the northern shore of the bay that usually
this is fringed by a zone, a few miles wide, where streaks of surface water warmer
than 16° alternate irregularly with patches cooler than 14° to 15°, and where we
have occasionally had surface readings as low as 12° in July, with 10° reported to
us in August. Cold streaks of this sort are most often to be expected about the
bold promontory of Nahant and along the rocky shore between Gloucester and
Cape Ann.

At Thatchers Island (the tip of Cape Ann) tidal disturbances may cause consid
erable and irregular fluctuations in the temperature of the surface from day to day,
witness readings varying from 15.6° to 17.5° during the warmest periods of the
summer of 1881 (Rathbun, 1887); but a temperature of 19.4° at the cape late in
July, 1882, shows that the warm surface water from offshore may touch the coast
line there during calm periods or after onshore winds, as it does elsewhere.

It appears from what little precise evidence is available, and from general
reports by seaside dwellers, that similar fluctuations prevail all along the coast line
in August, from Cape Ann northward about to Cape Porpoise; but the surface of
the coastal belt averages 1° to 2° colder in this sector .than in Massachusetts Bay
usually below 16°.

It is unfortunate that daily records are not available for any sta.tion along this
stretch of coast line or for the Isles of Shoals, which occupy a commanding position
off the mouth of the Merrimac River. Most of our August passages, also, to and
fro, have followed courses outside the lOO-meter contour. Rathbun's (1887) record
of maxima of 15.6° to 16.7° at Boon Island for the summers of 1881 to 1885, with
our own stations between Cape Elizabeth and Cape Ann, suggest 15° to 16° as the
usual maximum for the coastal sector between the Isles of Shoals and Cape Eliza
beth, out to the 100:'meter contour, with temperatures 1° to 3° higher a few miles
farther out at sea.

The rise in surface temperature experienced as one runs offshore from Cape
Elizabeth is illustrated by the following readings taken by W. C. Schroeder on the
Halcyon on a trip to Platts Bank, July 20, 1915: 8 miles out from Cape Eliza
beth, 16.1°; 1772 miles out, 19.44°; 20 miles out, 19.44°; on Platts Bank, 30 miles
out, 18.9°. This agrees closely with the gradation indicated for this region on
the charts (figs. 46 and 47); also with the state of the surface on August 7, 1912,
when the temperature rose, progressively, from 15.6°, at a. point 8 miles off the
cape, to 17.8° on Platts Bank (Bigelow, 1914, p. 46).

It has long been common knowledge that the coastal waters along eastern Maine
and in the Bay of Fundy are cold in summer, with a maximum difference of almost 10°
C. (18° F.) between the surface there and In the offing of Cape Ann. This cold area,
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Qutlinedby the isotherm fot 12° on the chart (fig. 46), also includes the whole eas,t",
~8ide.of thegtdf, off western Nova Scotia, out to the lOO",meter contour,in an
lmduIating outline more easily represented graphically than verbally.

The transition from warm to cool is often very noticeable as one runs from the
.,mng of Cape Elizabeth, across the mouth of Casco Bay, to the neighborhood of

192. 3

"i-

{l

FIG. 47.-Surface temperature, July to August, 1912 (above), and July to August. 1923 (below)

Boothbay Harbor. On August 13,1925, for example, the Halcyon hadsurfaceread-..
mgs of 16° at the mouth of the bay but only 12.8~ close to Seguin Island. Next
the shore surface temperatures ranging from 13° to 15.3° have been recorded between.
Casco Bay and Penobscot Bay in August; usually cooler than 14°, but with· mu~h
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local variation as the tide swirls around the islands and ledges. The maximum tem
peratures at Seguin Island Lighthouse for the years 1881 to 1885 (Rathbun, 1887),
were, respectively, 13.3° to 13.9°, 13.3° to 13.9°, 13.9° to 14.4°, 13.9° to 14.4°, and
14.4°. This agrees with readings of 13.9° at two localities within a few miles of the
island on August 22, 1912, and with 12.8° to 14° in that general neighborhood ouJuly
18, 1925; but one need run only a few miles offshore from this part of the coast to find
the surface warmer than 16°, and Doctor Kendall records a reading of 16.7° within
about 8 miles of the land off Seguin on August 16, 1897.

The surface temperature rises to 16° to 18° in Boothbay Harbor during the last
week of July and the month of August (fig. 30); equally high, no doubt, in other
sheltered bays in this neighborhood.

Surface readings taken on a line across the mouth of Penobscot Bay ranged from
12.8° to 13.9° on August 21, 1912, while Rathbun (1887) gives maximum tempera- "'"
tures of 11.7° to 12.2° at the lighthouse on Matinicus Rock at the western gateway
to the bay, where the water may be somewhat chilled by the swiI:ling tidal currents.
The surface in sheltered situations within Penobscot Bay may warm to a tempera
ture several degrees higher than this before autumnal cooling sets in, but infor
mation is scant for this particular region.

Our surface readings among the outer islands along the coast of Maine, east of
Penobscot Bay, and out to the 100-meter contour usually have ranged between 10°
and 12° for the last half of July and for the month of August (fig. 47). After a
few calm, warm days the temperature of this zone may rise locally to 13° (12.78°
off Mount Desert Island, August 13,1913, station 10099, has been our highest record
there). The surface water is considerably warmer up the bays, locally, dep~nding
on the topography of the bottom as determining how actively the water is stirred by
the tide, and especially on the extent of the flats laid bare to the sun on the ebb.
Surface readings of 10.6° to 11.7°, recorded by the Halcyon within a mile or two of
Great Duck and Little Duck Islands, Bakers Island, and Long Island on August 8 to
11, 1925, cover the usual midsummer range close in to the islands and among them
for the Mount Desert region.

Rathbun (1887) gives maximum summer temperatures of 11.6° to 13.3° at Petit
Manan light, and although the surface water off Machias was only 8,9° on July 15,
1915 (station 10301), probably it is always as warm as lO°,'or warmer, there during
the last half of August, and usually 11° to 12°, except where some local upwelling is
taking place. .

The hourly temperatures taken off the eastern coast of Maine during the last haH
of August, 1912, are especially interesting because they suggest a movement of the
coldest surface water (colder than 13.5°) offshore (i. e., to the southwest), out past
Mount Desert Rock (fig. 47). Unfortunately I can not state whether this phenom
enon is regularly recurrent in summer; but the fact that the surface was slightly
cooler (9.3°) near Mount Desert Rock on September 15, 1915, than close in to Mount
Desert Island (9.8° to 10.8°), near Petit Manan Island.a few miles eastward along
the coast (10.5°), or near Swans Island to the westward (10.8°), suggests 'that some
such .distribution of surface temperature is at least not unusual for that general
region.
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On August 17, 1912, and again on the 19th, we had readings of 10 to 11.7° as
the Grampus sailed lengthwise through the Grand Manan Channel; and it is proba
blethat this is about the highest temperature attained in the tide-swept Lubec
Channel, because the highest 10-day average was about 10° there during the last of
August and first of September of 1920 (fig. 31). The highest mean temperature
recorded at Eastport for a lO-day period for the years 1878 to 1887 was 10.7° (Moore,
1898) in the second week of September.

The surface temperature of the greater part of the open Bay of Fundy likewise
ranges from 10° to 12° in August, rising above 12° only exceptionally and locally
(Huntsman, 1918; Vachon, 1918). Thus, Mavor (1923) records a range from 9.44°
to 12° at 19 stations on three traverses of the bay inward from Grand Manan on
August 22 to 27, 1919, warmest along the New :B'funswick shore, coldest (9° to 10°)
near Digby Neck on the Nova Scotian side. A similar gradation is described by
Dawson (1922) for the first half of August, 1907. The records given by Craigie
(1916), Craigie and Chase (1918), and Vachon (1918) for the open bay, with a maxi
mum of 12.68°, a minimum of 8.93°, in July and August, are consistent with this
on the whole.

Dawson (1922, p. 92) records surface temperatures somewhat higher (14.17° to
13.33°) than this on a run from Digby to the middle of the bay on the meridian of
St. John, New Brunswick (his station A), for July 22,1907, but this may have been
,an unusually warm summ~r in the bay. At any rate, temperatures so high were
briefly transitory, for the surface at his outer station had cooled to 13.6° by the next
day and to 12.8° three days later (Dawson, 1922, pp. 88-92), when the surface tem
.perature along the land from Digby Gut to Brier Island was only 8° to 9°. With a
variation from 10° to 11.7° over the Fundy Deep for the three-day period, August
23 to 25, 1904, independent of the stage of the tide (Dawson, 1922, p.95), slight
changes evidently are to be expected in the bay from day to day, 'perhaps governed
by the roughness of the sea.

Many records of temperature, surface and subsurface, have been published for
the Passamaquoddy Bay region by Copeland (1912), by Craigie and Chase (1918),
and by Vachon (1918), showing a considerable regional variation in the temperature
to which the surface attains by the end of the summer. Copeland found the surface
warmest (13.9° to 15.6°) in the northern part of the bay, coldest (10.4° to 11°) near
Deer Island and in Letite Passage, with the central and western parts of the bay
ranging from 11.1° to 15°, Vachon (1918, station 4), likewise records the surface of
the center of the bay. as warming from 11.4° on July 20 to 15.9° on July 27 in 1916.
cooling to 11° on August 3 and 17, but warming again to 12.48° on the 25th and
to 14.91° on the last day of the month. In the mouth of the St. Croix River, how
-ever, the water is kept so thoroughly stirred by the -strong tides that Vachon's
highest reading was 13.4°, the lowest 10.95°, for the period July 17 to August 31;
coolest after northwest winds. Low surface temperatures also rule in Friar Roads
between Campobello Island and Eastport, where Vachon reports 8.7° to 10.3°
between August 2 and September 17, with 9.5° to 12.62° in the western passage
between Deer Island and the coast of Maine, and with about this same range of
temperature at a station near St. Andrews.
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Vachon's and Copeland's records, cornbined, show that the, temperature of the
surface of the northwestern part of Passamaquoddy Bay may be expected to. reach
15'Cl for a brief period in August in warm summers, though perhaps not every year.
At the other extreme, the surface water in the channels between the islands of west
ern New Brunswick, where tidal stirring is more thorough, is seldom warmer than
11 ° to 11.5°. Considerable fluctuations are also recorded within brief periods in the
central part of the bay, where the surface temperature is intermediate between these
two extremes, and in the mouth of the St. Croix River, connected with the direction
of the wind and with the stage of the tide.

It is interesting to find that no part of the surface·of the Bay of FundY,22 with its
much stronger tides, is as warm as the greater part of Massachusetts Bay, though
the maxirnum readings for these two areas differ by onlyabotrt 3°(15° for Passama...
quoddyand about 18° to 19° for Massachusetts Bay).

Craigie and Chase (1918) found the surface about as cold (9° to 110) in the outer
part of the Annapolis basin on July 23 to 24, 1915, as it is along the Nova Scotian
side of the Bay of Fundy outside, but progressively warmer, passing inward, to 15.33°
near the head. According to Huntsman (1924), Minas Basin, at the head of the Bay
of Fundy, also warms faster than the latter in summer, but the definite values have
not yet been published for it.

Dawson's (1922) very considerable list of surface temperatures for 1904 and 1907,
with our yearly stations off Lurcher Shoal, on German Bank, and near Cape Sable,
unite to show that a cool surface is characteristic of the whole coastal zone along
western Nova Scotia out about to the 100-meter contour, usually with the readings
falling between 9° and 12°, as outlined by the isotherm for ·12° on the chart (fig.
46). More specifically, our own surface records for the Lurcher Shoal and German
Bank stations,have been as .follows:

Locality .nd date

Near l()().meter cont~)Ur, 011 Luroher .Shoal:
Aug. 15, 1912•••••••••••_•••, •••••••••• _._ •••",••• ••••••••••••• -••••• ••••• __• • ••••••__
Aug. 12, 1913•••••••••• _......_. __•••••••• __••••_•• •••••••• ......__....__•••••_••••••••••••••
Aug. 12, 1914••••••••'. • __ ._••••••_•••••••• • .- -•••••••••••-.--•••c------ , ..
sept. 7, 1915.c__••• •••••••_ __ ••••••••• --"·_._•• ••- ."•••••~- .

German Bank, outer part; ,

4Ugh~~_~~:~::::::::::==:::::::::::=::=:::::::::::::::=::::::::::::::::::::::::::::::.::::::::::::::::::
Aug. ,12, 1913 ••• ••••••• ,•••••• __•••• __ ._._•• -_._•••_.~ __•••••••••
Aug. 12. 1914_ .._~ _._ ••••••••••••••••••__ ••••••
Sept. 2, 1915--"" •••••• -- -'"c ---••••- ----.·c·•••• ----'- •••, •••••••••••_.__ --., ..

Surface
Station temper.

ature

·C.
10031 13.33
10096 12.22
10245 14.44
10315 ~2.20

10029 10. 44
10030 11.11
10095

l~all10244
10311 9:40

The constant difference between these two localities shows that surface temper~

atures lower than 12° do not reach offshore beyond the 100-meter contour in the off...
ing of Lurcher Shoal, but on August 12, 1913 (station 10094), we found the surface
as cold (8.89°) 12 miles out from the edge of German Bank as it was over the latter
(station -10095).

As Dawson (1922, p. 99) has remarked, "as a rule, the temperature nearer
shore becomes higher when the weather remains quiet," his data showing that the

II For further details regarding the Bay of Fundy thp reader Is reterre'd to the extensive tables given by Copeland (l9i2),
Cralg:le and Chase (1918), and Vachon (1918).
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,,&~r,close in to the western coast of Nova Scotia/ warms' to 10° to '12° .by, August
from St. Marys Bay to Yarmouth. Yarmouth Harbor he found only slightly warmer
(12?, tQ 12.5°) than the open waters at its mouth, and it had about this same tem
p~a.ture on September 8, 1916,23 but the surface of St. Marys Bay rises toa eonsid
erllobly higher temperature. The maximum for this bay can not be stated, data for
th~innerpartof the bay for August being lacking. Craigie and Chase (1918), how
eVElr, fOl,md its surface progressi"ely warmer, passing inward, from 9° to 10° at the.
mouth tOfl.bout 11° abreast of Petite Passage, 13° to 13.5° off Weymouth, and to
14:.8° a.t the head during the second week of July in 1915; and as Vachon (1918)
again had readings of 11.08° abreast of Petite Passage and 12.92° off Weymouth on
September 4 to 5, 1916, it is not likely tl,at August sees the surface temperature rise
much above 15° anywhere in St. Marys Bay.

A coastal belt skirting Cape Sable, 12 to 15 miles wide, like the vicinity of
Lurcher Shoal, is characterized by surface temperatures lower than 10° throughout
July. This, no doubt, results from thorough stirring by the tides, which proverbi
ally run strong around the cape, causing a mixture in varying amount with the icy
water that persists until midsummer in the deeper strata next the coast, a few miles
to the eastward(p. 681).

Near the cape Dawson (1922, p. 85, station Q) had surface readings of 5.3° to 7.5°
(usually from 0.5° to 1° higher at high water than at low water) during the first half of
July, 1907. By the last week of that month he found that the mean surface temper
ature 12 miles out from the cape had risen to about 9° at high tide and to about 8.4°
at low, with a slightly greater difference between high and low tide temperatures (aver
~e about 9° and 7.2,°) closerin to the land, and with a maximum of 11.95° at the high
water slack and a minimum of only 5° at low-water slack on the 20th. Our own
more recent record of 10.28° near by on July 25,1914 (station 10230), falls well within
the,seextremes.

These temperatures suggest that the flood current; flowing westward past the cape,
draws warmer surface water toward the land from offshore, but that the ebb, flowing
to the eastward, carries out water that has been thoroughly mixed by the currents
swirling around the cape. .

Surface readings of 10° to 12° on several' lines along the coast sector between
Yarmouth, Nova Scotia, and the cape, for the middle of July (Dawson, 1922), show
that this narrow cold pool off Cape Sable becomes entirely isolated from the low
temperatures about Lurcher Shoal before the last of that month by the development
of a warmersurface over the intervening area, but is continuouswith still lower tem
peratures to the eastward along the outer coast of Nova Scotia until August, witness
a surface reading of 6.62° at low water a few miles off Shelburne on July 27 in 1914
(station 10231), no doubt reflecting some updraft of the icy water from below with
the outflowing tide. In 1915, however, the Canadian Fisheries Expedition found no
surface water colder than 9.7° off this part of the coast on July ,21 (Bjerkan, 1919).
On September 6 of that year (station 10313) the surface was 15° 10 miles off Cape
Roseway, 13.3° 10 miles south of Cape Sable on September 2 (station 10312), and
13.6° near by on August 11, 1914 (statio)}. 10243). Apparently, then, if the cold sur
face persists as late as August off the Cape, it becomes reduced to an isolated pool

"Varying from 11.30 to 12.70 during that day (Vachon, 1918).
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not more than half a dozen miles wide by the end of the summer, persisting only as a
reflection. of purely local activity of tidal stirring.

Our Gulf of Maine cruises have not crossed the southeastern part Of the area in
August; hence the isotherms for this region (fig. 46) are only tentative for that
month, combined from the July cruise of the Grampus in 1914, the Canadian Fish
eries Expedition stations off southern Nova Scotia for July, 1915, temperatures taken

,by the Albatross in August, 1883, and July, 1885 (Townsend, 1901), and from scat
tering records from other sources. These combine to show a rather abrupt transi
tion in surface temperature in the region of the Northern Channel between the cool
area along western Nova Scotia (12,\ and somewhat higher readings (14° to 16°) on
Browns Bank, but make it unlikely that the surface normally warms above 16° over
the latter at any season. It is probable, too, that much local variation in tempera
ture exists on Browns Bank, with cool and warm streaks caused by tidalmixings,
especially along its southwestern edge fronting the Eastern Chan,nel, where the
Albatross had surface readings of 12.78 to 13.3° at four stations 011 August 31, 1883.

The surface temperature in the center of the Eastern Channel was 15.1° on July
24, 1914 (station 10227), but readings of 12.8°,16.1°, 14.2°, and 13.3° at four succes
sive stations on a line crossing the deep water from Georges Bank to Browns Bank
on August 31, 1883, suggest that while the central core of the channel is usually
fractionally warmer than 16° by the end of the summer, vertical stirrings or upwell
ings are sufficiently active along the edges of the two banks to maintain narrow lanes
there colder than 16° on the surface.

It is probable that the surface is from 1 to 3 degrees cooler over the eastern,
northern, and central parts of Georges Bank, as a whole, than in the basin olthe gulf
to the north throughout the summer, and certainly it is considerably cooler than the
oceanic waters outside the edge of the continent to the .south, just· as· it is in June
(fig. 39). Thus, Dr. W. C. Kendall had surface readings of 12.8° to 15.3° (averag
ing about 14.5°) at 55 stations along the northwestern edge of the bank on August 21
to 25, 1897, and the isotherm for 16° for this region is located on the chart (fig. 46)
from these observations.

This part of the bank offers an excellent illustration of the chilling of the surface
that follows when cooler water from below is brought up over and around shoals by
the tides, with the surface averagIng 1° to 3° cooler over the shoal ground than
elsewhere on the bank and (generally) coldest (13° to 14°) over the shoalest part,
where the water is less than 50 meters deep. Even small isolated shoal spots may cause
cool pools at the surface in this region, and the effect of projecting submarine prom
ontories or ridges may be made evident for some miles by lowered surface temper
ature. Where the water is not only shoal, but the topography of the bottom is
broken and tidal currents run strong, considerable variations in surface temperature
also are to be expected from ebb to flood, as Dawson found to be the case near Cape
Sable (p. 593). Doctor Kendall records several such alterations on Georges Bank,
notably a drop of about 1.5° at a station on its northern edge during a period of a
few hours on August 21. A few yards' sailing may also be enough to bring the
vessel from a cool streak into a warm one, or vice versa, the explanation for which
is apparent enough on calm days when the lines of contact between differen.t runs
of tide are often made visible by miniature rips, oily slicks, or by the accumulation
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of floating debris of one sort or another. In all this, Georges Bank, in the south of
the gulf, agrees with the coastal belt generally in the northeast, as it does in being
colder at the surface than is the intervening basin where" the water moves to and fro
in an unbroken sheet, clear of obstruction," as Dawson (1905, p. 15) expresses it.

Doctor Kendall's temperatures, added to readings taken by the Grampm in
July, 1908 (Bigelow, 1909), and from the Halcyon in the summer of 1923, show
that the surface is correspondingly cool (12° to 16°) in August over the shallow
broken bottom south of Nantucket, with similar fluctuations within short dis
tances and at different stages of the tide, due to the same disturbing influence of
tidal mixings. Thus, the Ha~yon had surface readings varying from 11.6° to 15°
in August, 1923, as she fished'at various locations within a mile or two of Round
Shoal bouy; 13.3° to 16.4° over Rose and Crown Shoal; 15.5° over the slightly deeper
channel between Round Shoal and Rose and Crown Shoal; and 13.8° to 15.5° on
the Great Rip fishing ground 12 miles southeast of the island of Nantucket. Unfor
tunately, it is not yet known whether this cold area is separated from the equally low
surface temperatures of Georges Bank by a band of warm surface water along the
so-called "south channel," as seems probable, or whether the cool surface forms an
unbroken band, west to east, from the one shoal ground to the other.

In 1913 the surface to the seaward of the 50-meter contour off Nantucket had
warmed to upward of 19° by the last week in August (Bigelow, 1915, p. 350, fig. 2,
stations 10107 to 10112). This was true also of the whole breadth of the shelf
abreast of Marthas Vineyard on the 26th of the month in 1914, except close in to
the land (station 10263), where a surface reading of only 17,9° probably reflected
some tidal disturbance or other. With this same exception, Doctor Kendall likewise
had 18° to 19° at every station off Marthas Vineyard early in September, 1897,
paralleling Libbey's (1891) record of surface warmer than 19° over this part of the
continental shelf during August, 1889.

These data locate the isotherm for 18° as following the southern and western
edges of Nantucket Shoals around into the submarine bight west of the latter, but
with cool pools next the southern shores of Marthas Vineyard, as just noted.

It is probable that the surface temperature rises higher than 20° over the outer
part of the continental shelf off southern New England every August, and Libbey's
(1891) extensive data show that in some years temperatures slightly higher than 20°
are to be expected within a few miles of Marthas Vineyard. But his records also
show that a considerable variation in surface temperature is to be expected within
short periods of time over the inner half of the shelf, where a sudden cooling of the
surface would be the natural accompaniment of any unusual stirring of the water or
of the upwellings that so often follow offshore winds.

There is also considerable variation in the surface temperature off Marthas Vine
yard from year to year. In 1914, for example, the isotherm for 20° included only
the outer half of the continental shelf on August 21 at longitude 71° (fig. 46).

In spite of these fluctuations, it is safe to say that the surface is invariably
warmer than 20° along the edge of the continent in the offing of Marthas Vineyard
and Nantucket Island by the end of August. To find the surface warming to
upward of 22° to 23° it is only necess'ary to sail seaward a few miles farther.
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to crPmrsmg eastward f!'Gm the lorigitudeof Nantucket, we find a more sudden tran
$itiO:ri fromth.e comparatively eoolwater (18°) over the southwestern part of Georges
Bankt(rthemghtemperattire of the oceanic water outside the 200 meter contour,
accompanied, however, by such irregularities a.s might be expected along the zone of
contact of waters differing in salinity as well as in temperature. At times the
north-south gradation in surface temperature along this sector of the edge of the
continent is also interrupted by a cooler band. On July 20 to 21, 1914 (stations
10216 to 10218),24 this was indicated by surface readings of 18.6°,17.3°, and 20.48~

at three successive stations from north to south on a line crossing the southern slope
of the bank.

Such data as are available point to an abrupt increase in the breadth of the
cool wedge eastward from Georges Bank between the edge of the continent and the
warm oceanic temperatures of >20°, to the seaward of the latter. Thus the surface
was only about 17° at our outermost station off Shelburne on July 28, 1914 (station
10233), while the Canadian Fisheries Expedition crossed a band ofl7° to 19.7°
water some 70 miles wide outside the 200-meter contour in the offing of Cape Sable
on July 22, 1915 (Bjerkan, 1919; Acadia stations 41 to 44). Unfortunately no tem
peratures have been taken off the slopes of Georges or Browns Banks during the
last half of August of late years, but even if the isotherm for 18° should encroach a
few miles ,farther inward by the end of the month than is represented on the chart
(fig. 46), there is no reason to suppose that the surface temperature rises higher than
20° inside the 100-meter contour on the banks anywhere east of Nantucket Shoals
at any season, except possibly for brief periods following persistent southerly winds.

TEMPERATURE GRADIENT IN THE UPPER 100 METERS

A differentiation in the vertical distribution of temperature between the western
and eastern sides of the gulf begins to develop in June, widening with the advance
of summer; until the extremes, as represented by the western basin on the one hand
and by the Bay of Fundy and coastal banks off western Nova Scotia on the other,
yield graphs differing widely in the upper 100 meters by August.

The most striking feature of the western type, as exemplified by the basin off
Cape Ann (fig. 48) and by the bowl at the mouth of Massachusetts Bay off Gloucester
(fig. 4), is that the water cools very rapidly from the surface down to a depth'of
40 to 50 meters, succeeded by only a slight fall in temperature down to the 100
meter level. Whether increasing depth is accompanied by a further slight cooling
or by a slight warming depends on the locality, the topography of the bottom, and
to some extent on yearly fluctuations, as discussed later (p. 602). In August we have
found the 40-meter level averaging from 10° to 14.5° cool~r thati th~ surface in the
western side of the basin and go to 13° cooler at the mouth of Massachusetts Bay
(figs. 4 and 5), illustrating the remarkably sudden change that any animal would
experience there, from warm water to cold, by sinking down for a few meters only.
Observations taken farther upthe bay on August 22 to 24, 1922 (stations 10630 to
10645), showed a similar vertical chilling down to 50 meters or so, except that the

II This cool band Is more clearly marked, by temperature, at deeper levels, as described on paie 608.
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uppermost stratum, 5 to 10 me~ers thick, was then nearly homogeneous in tempera
ture at several of the stations closest to the land. Although the precise rate of ver
tical cooling varies from station to station even over the small area of Massachusetts
Bay, the sllrface temperature of its whole area usually warms upward of 10° above
that of the 20 to 50 meter level by the end of the summer,

Serials have also yielded curves of this same ge:neral type in the west-central
parts of the basin, generally, and in the northwestern, part of the gulf between the
latitudes of Cape Ann and of Cape Elizabeth during July and August:
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Our first summer's cruise (Bigelow, 1914, p. 51), however, proved that the 'dif
ference of temperature between the surface and the underlying water (which is nearly
uniform, depth for depth, from Cape Ann to Platts Bank) decreases along the coast
to the eastward (fig. 49). Observations taken in the summers of 1914,1915, and
subsequently have not afforded a single exception to the rule (stated in Bigelow, 1917,
p. 168) that the surface temperature is progressively lower and lower in summer, the
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FIG. ro.-Typlcal ~\lIllmer temperatures oJ!
Machias, Me. A, August 13, 1913 (station
10098): B, August 12, 1914 (station 102(7);
C, July 15, 1915 (station 10301); D, August
16, 1912 (station 10033)
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bottom temperature (depth for depth) progressively higher and higher, around the
margin of the gulf from Cape Cod to the Bay of Fundy, with the average vertical
range of temperature decreasing from about 12° off Cape Ann to virtually nil in the
Gr8Jld Manan Channel.

Thus, the difference of temperature between the surface and the 50-meter level
(never less than about 10° at the mouth of Massachusetts Bay in summer) waS only
about 5° to 8° off Casco Bay (stations 10019 and 10103), 4°to 5°~earMonhegan

Isl8Jld on August 4,1915 (station 10303), and about 4° at the west entrance to Penob
scot Bay on August 22, 1912 (station 10039). Near Mount Desert Island the vertical
range for the correspondihgcolumn of water was only 2° on A.ugust 18, 1915 (station
10305), about 4° on August 13, 1912 {station 10099),26 about 4.5° on the 5th
of the month in the very cold year 1923, or an average oi3° to 4°.. The water is
kept even more nearly homogeneous in temperature among the islands of the Mount
Desert region by strong tides, so that the surface 'was only 1.5° to 0.1° warmer than
the bottom a couple of miles off Little Duck Island Temperature, Centigrade

on August 8 to 11, 1925, in depths of 25 to 30 7" 8° 9" 10" 11° 12°
meters. Meter 0

This also applies off the open coast farther east. to
Off Machias, for example, the surface reading was
only about 1° higher than the bottom reading on
August 16, 1912 (station 10Q33), 1.2° higher()n
August 13, 1913 (station 10098), 1.5° higher on
August 12, 1914 (station. 10247), 1.7° higher on
July 15, 1915 (station 10301), and 0.33° higher on
September 11 (station 10316) in 60 to 70 meters
(fig. 50).

We found the surface at the two ends of the
Grand Manan Channel, through which the tidal
currents run with great velocity, only fractionally
warmer (10° to 10.6°) than the bottom (9.6° to
9.7°) in 80 to 100 meters on August 17 and 19,
1912 (stations 10034 and 10035) . Vertical stirring
is thus complete at this locality.

The temperature gradient that develops within the Bay of Fundy by the end
oithe summer differs regionally, depending on local variations in the tidal circula
ti,on. At the mouth, between Grand Manan and Brier Island, where tidal disturb
ances are proverbially strong, Mavor (1923, p. 6, Sec. IV) records a maximum
difference of only 0.7° to 1.3° between the surface and 50 meters for August 27, 1919;
but his Section I shows a slightly greater average range (2.2°) for the corresponding
stratum at three stations halfway up the bay. This thermal difference, which de
velops between the Bay of Fundy and the western side of the gulf during the summer,
is summarized in the following tabulation:

II Forty meters was the deepest reading taken at this station.
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Appromn.te tempenture

LocaUty
Surface 110 meters 100meters

-------------------------.,.--.'-~l·~---------

,~f~~~g~et~-B-ay::::::::::::::::::::-:::::::::,:::::::::::::::::::::.::::::::::::::::::::::
·0.
10-12
16-20

·C.
7.5..,9
5.W

·C.

..~

The facf{, that, the deep water is warmer in the Bay of Fundy, !Uld for that
matter in the northeastern part of the gulf generally, than in the southwestern, while
the surface is so much c()lder, deserves special emphasis because of its bearing ()n
the circulation of the two regiolls (p, 924). '

In St. Marys Bay the relative difference between surface and bottom temper
ature increases from the mouth, inward, in July, as follows, if the total depth of
water be taken into consideration. . .
Surface and bottom temperatures at succes.sive localities !rt;Jm the mouth of St. Marys Bay toward, its

head, July, 19115. (From Craigie and Chase, 1918.)

Station

21 • ._. __ •••••_•••__••_•.••_•••• __••• ••••c __••_•• ••••__ ••_••,._•••_••_••••• •••
15 •••••••••••• __••••••••••_•••• _. __ , ., __ • ••••••_••__••••• •••••__•__••••••••••••_.
11 __""" _••• _••••••••_.__• ._ ••••" _••••_•• '.'.'•••••' __• ._••, •••••••__._._••••
8••_. __._ •• """ •••_••.••_•••••••••_•__••• _. _•••••• •••••••__••, •••_••_•••_. .,.__
G••_._•••••__•••••_••__ ••••••_••_••••••••••••••••••••••••••••••,_•••••c_.~._._ '." ._ .
4••••••__ ._••• •.••__ • __., ••••••_•••__•••_._•••••••••••• __ •• ,._••••••••, •••_•••••••••• ' ••".
2••.• ••_. __. •••••••••••• • ••__ •••••••__••••••••••••••••••_•••••••••_•••••_•••, •••••••••c.,._
1••_••••.•••_•••_••••••••••._••••••• _••••_•••••••••••••••--•••_. _•••••_•••••__._•••••••_••••••_

Depth. Surface Bottom
tempera· tempera-meters ture ture

·C. ·C.
43 9.28 8.00
34 10. 12 8.«
32 11.96 Q.:W
33 12.118 8.03
21 13.52 10-3G
28 13.115 11.37
13 13.78 11.82
7 14.8 13.40

German Bank approzimate temperatures

The water is likewise kept comparatively homogeneous in temperatUre out to the
100-meter contour over the coastal banks off western Nova Scotia by active tidal
stirring throughout the summer. Dawson (1905, p. 15) has already called att~ntion
to the thermal effect of vertical circulation in this region, where the topography of
the bottom causes "a long trail or wake of colder water to exterid from islands or
shoals along the line of the current; as, for example, north and south from Lurcher
Shoal." He also points out that "when the islands and shoals are numerous, the
general effect of these strong currents is to chill the water in the vicinity of the coast
by mixing the surface water with the colder water from below." As' the result of
local disturbances of this sort, the vertical range of temperature is much narrower
along the lOO'-meter contour off Lurcher Shoalin August than at corresponding loca
tions over the western slope of the gulf. The temperature on German Bank has
proved almost perfectly homogeneous from surface to bottom in August and Septem
ber, as follows:

Depth. meters

o..•,_ .._.•__. __ ..•... .••...._•....._ -•.,.••..-.- __ --.•-.-. .
20•• • _. ••__._ •••••••_-- ••••, __._. • ""'" ---.-•••,_. --.-•• -- -,._
40_._••_._•••• _••••••••••• _._••••••••••,_••. __• •••-.- ••••__ --••-. -••••• --.-••
60 ••• __ ,_, •••••••••••_••••••••••_••••_••••_••• --_ •••- • ---.-- ••- ••_

Aug.U.
1912. '

ststion
10029

·C.
10.33
9.83
9.67
9.61

Aug. 12,
1913,

station
10095

·C.
8.89
8. 67
8.61
8.56

Aug. 12,
1914.

station
10244

·C.
10.00
11.85
9.64
9. CI5

Sept. 2,
1915.

stetion
10311

·C.
9.«

10.30
10.20
10.10
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Do.weon'g' '(1922);reoordsfor 19MMd1901'showbfily'a·'sHgllUy·gr~at:er:Vertical
rtlngeof tempera.ture close in to thee west Nova Scotian coast, with little change dur-
ifi~. th~ month of August. " ,,' ,

Tem~atwre/Jfor 1907. (After Dawsof.',19S$)

Depth

Seventeen miles south·
westerly from Yarmouth

Six miles
easterly

from
Lurcher

Shoal

July 29 to 31 Aug. 28 to 31 Sept; 2

~~1eii::::::::::::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::Mmeters .••••• __•• .•••----.--_._., -. •••__• ••__ .. • _

0a.:
9.7-10.8
7.6- 8
7.2- 7.5

"0.
9.4-10.6
8 ..; 8. 6
7.8-8

0a.
10.8
9.2

Tidal currents keep the water as thoroughly stirred near Cape Sable as they do
on. German Bank, so that Dawson (192~, station Q)found the temperature virtually
utriform (about 4°) from surface to bottom 12 miles south of the cape on July 2,1907
Observations taken by Dawson inthis neighborhood later in the summer, however;
in' three different years, and from the Grampus in 1914 and 1915, show ,that the
sndaee then warms rapidly enough to produce a considerablerange of temperature
by the end of August, except when temporarily distllrbed by the tide, as just de
sbnbed (p. 593).

Temperatur68 lSmilessoutho! Cape Sable, °C. (li'rom Dawson, 19S5, station Q)

Depth July 2, July 10, July 13, July 19, July 20, July 20,
1907 1007 1007 1904 I 11104 1 1904 J

--,--------------------1------------------
Surface ••• •• •••• • .-----. __ ow· _. :.. • ••• _ ••

27 meters ._. • • •• ••• • --.
M meters 0._._._•• . ._·· · ·· • · __·-.•

I High tide.

4.2 6.7 7.0
3.9 6.4 6.43.9 ._.__• _

J Low tide.

9.4
3.0
2.8

12.0
3.3
2.8

5.0
4.3
3.9

Grampm temperatures near Cape Sable, °C.

Depth
July 25, Aug. 11,
1914, sta· 1914, sta

tlOD 10230 tlOD 10243

Surface • •__• •__ • ._. ._._-- • .~--------_._. . •__._ 10.28 13.61
30 meters _._••• ••• ~__• ._. • • • -.----____ __ 3.03 7.47
50 meters ._. ._~ ••• • • , ••_. •__••••••• • • 3.14 _
'M meters • • ._.__•__•__•• ••~_~_. •__c. .~ ~._. • .__________ 3.61

A wide vertical range of temperature also has been. recorded across the whole
brea(hh of the continental shelf, in the offing ofShelburne, for the last week of July,
both in 1914 and in 1915, with the surface averaging>about 7.3° warmer than the
50-meter level for all these stations26 (maXimum difference about 11°, minimum
4.6°). This thermal contrast continues to develop during the summer near the land
off•.Shelburne"where the surface (15°) was nearly 13° warmer than the bottqm (2,~)

at a depth of70.to 80 meters on September 6, 1915 (station 10313).

JlGrampm stations 10230 to 10232; Acadia StatioDS 37 to 40 (Bjerkan 1919).
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TEMPERATURE GRADIENT INDEPTHSGRUTERTHANflOCJ METERS

The deeps of the gulf at depths greater than 100 meters have shown interesting
variations, regional and annual, in the vertical distribution of temperature in sum
mer. In the bowl off Gloucester, isolated from the bottom water of the open gulf
by its barrier rim (p. 520), the temperature has either proved virtually homogeneous
vertically, from the 100-meter level downward, or has been fractionally coldest on
the bottom at that season. The water has also been slightly colder at the bottom
than at 100 meters at all our summer stations in the deep trough north of Cape Ann,
which is inclosed by the shoal ridge known as Jeffreys Ledge (fig. 6).27

In the open basin of the gulf, however, the bottom water may either be about the
same temperature as the mid-stratum or may be decidedly warmer and much salter,
depending, probably, on the amount of slope water flowing into the gulf at the time
(Bigelow, 1922, p. 165), and the records suggest a tendency for the one or the other
of these alternate states to persist over a period of years.

In July and August, 1912, the western, northwestern, and northeas_tern parts of
the basin were virtually homogeneous in temperature (4.6° to 5.2°) from the 100 to
150 meter level down to the bottom in depths of 190 to 230 meters (stations 10007,
10023, 10024, 10036, and 10043); equally uniform vertically at depths greater than
75 to 100 meters in the eastern side (station 10028, 7.4°), or slightly colder on bottom
there (station 10027, 6°).

During the summer of 1913, however, we found this type of vertical distribution
replaced by the alternate state just described, with the water of the basin coldest
at about 100 to 110 meters, warmer at greater depths; both in July and in August,
as follows:

Station
10093Depth, meters Station Station Station IStation

10058 10088 10090 10092
--,--------~--------'-----~-I'---------------

°a °a °a °a °a82 ---- ------ ------ ---- - ------ - ---___ 5.56 c .
91 "_ - -- ------ ------____ 5. 17 6.39 5.83 6. 66

110 . -- - ---____ 4.78 . _
165 --______________________ 5.17 _
183 - - • ._________________ 6.28 6. 61 6. 11 • _
220 • ~ • • ---- -------~ • .______ 6. 89
238 --__ - ------------. -- ------ ---_--____ 6. 05 _
274 c ------ ----- - -- -- ---- ------ .. __ 6. 33 _

Only at the head of the eastern trough (stations 10096 and 10097) and on the
northern slope of the basin off Monhegan Island (station 10102) was the bottom
slightly colder than the 100-meter levelin that summer (fig. 8).

The water was again coldest at about the 100-meter level at every deep station
in the inner parts of the gulf in July and August of 1914, and With the vertical
warming of the deep water not only much more pronounced than in 1913 but ex":
tending right down to the bottom in most cases. Only at one station (10249) for
that summer was the temperature slightly lower on bottom thim at 150 meters, as
follows:

JfThe l00-meter temperature at this locality hllll ranged.frOnl4.4° to U°ln AugUst~fl913and 1914 (statlon~ 10104,10105, a~d
10252), with 3.6° to 4.7° at 130 meters, 4,3° at iM meters. 'On Aug. 7, 1923, the 80 to 80 meter stratum (about 4°) 'Was 2° to 3·
ooIder
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~~perature8 (Oe.) in the we8tern, central, and northeas,ternpart8 of the basin,Jw,y 4M·Augu8t,

'1914· ,

Depth, meters Station Station Station Station Station Station Station Station
l02a 10246 10248 10249 10251 10254 10255 10266

------------I·--~-----------, ------------
lOll. ••_. •• • • .____ 4. 22 6. 28 7.18 5.31 4.41 4.36 3.95 4. 24
1.5, • __._. • • • • • ••• • ••__ ._________ 4.93 • • • • •
1/jO_._._._•.•• -••---_ • • •• •• __ 1 5. 12 7.58 6.04 6.04 ----••_--- 5.51 5.13 5. 38180••• •• . __ eo... __ ••• _ • • ._. • __ • • • . ••_ 6.24 5. 68

~:::::::::::::::::~::::::::::::::::::::::::: - ;_~~~__•.__~.~~ ._~~~~_ :::::::::: :::::::::: -----6:8-- :::::::::: :::::::::~

::::::::::::::::::::::::::::::::::::::::::::I::::~::::: :::::::::: ::::~::::: -..--~~- :::::::::: --"-i:09- :::::::::: ::::::::::

However, this type of gradient did not extend to the southeastern part of the
basin (station 10225), where the temperature decreased, though at a decreasing rate,
from the surface right down to the bottom. This was also the case in the Eastern
Channel (station 10227).

In 1915 the deep stations again exhibited vertical warming with increasing depth
in both sides of the basin in August and the first part of September, from the 100 to
150 meter level down to the bottom; but the depth at which the water was coldest
(100 to 150 meters) was not so uniform as it had been the year before, nor was the
vertical range of temperature below this stratum as wide. One station in the center
of the basin (10308) showed a progressive cooling toward bottom instead of.the more
general rise in temperature, perhaps reflecting some disturbance of the normal circu
lation by the tides flowing around the slopes of Ca$hes Ledge.

Deep temperature8, °e., August to September, 1915

Depth, meters Station Station Station Station Station
10304 10307 10308 10309 10310

..:....--------'---------------·1---------------
9Il ._. • __ ._. -_. ._•••__ • ._.__._•• •••_••_ • • 6. 36 • ._. _

100 •__•• • ._. • • __---.-------.----.--- 6.22 5.01 __eo_eo_e. 5.72 5. 66
150 • ••__•__ •• __ ----.------- _•• •..• • ._ 4. 78 5. 1 _._.______ 5. 77 _"' __"'_
105 ._••__ • • -----------. -- ••-----------. • -------.__• ._. .____ 5. 63 __• • • _

~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: -'---6'-89- ----Ti-- :::::::::: :::::::::: _. .~:~_
210 •••• • • ..__•• • • ._••••• __----.----.---------._ -.--._•• • __ •• 5. 98 _
235 • .-. ••__ • • ----.- .-.-- --- --- ••••__•• • •••_--- ._____ 6. 36 • ._._

Only one deep serial was taken in the basin of the gulf north of Georges Bank
during the summer of 1916 (10345, July 22; southwest part of basin off Cape Cod),
again proving the water coldest at the 100-meter level (3.85°) and fractionally
warmer (4.06°) on the bottom in 150 meters. Thus the fact that this was an unusu
ally cold year, from the gulf southwardto Chesapeake Bay (p. 628; Bigelow, 1922),
both in land climate and in the upper 100 meters of water, was not reflected in the
vertical distribution of temperature in the deeps of the gulf. Again, this also applies
to August, 1923, another cold summer (p. 632), when. the temperature off Mount Des
ert Rock 28 was lowest (4.5°) at about 90 meters, warming to 4.9° at about 130meters
and to 5.4° at 165 meters.

A considerable body of evidence has thus accumulated to prove this the usual
state in the inner parts of the open basin of the gulf during the late summer, just'as

IILat. 43° 62' N.,long. 67° 54' W., Aue. 6.
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itis earlier in the season, with the temperature lowest between the 100 and 150 meter
level, though with its precise gradient varying from summer to summer.

Temperatures fractionally higher close to bottom than in the mid depths have
&1so been recorded at several stations in the deeper parts of the Bay of Fundy in the
summers of 1915, 1916, and 1919. Craigie and Chase (1918), for example, found
the water midway between Letite Passage and Grand Manan coldest (5.59°) at 55 to
110 meters and fractionally warmer (5.7°) at 137 meters and 208 meters (5.66°).
Vachon (1918) again found the bottom water slightly warmer than: the mid-stratum
at Prince station 3, off the eastern end of Grand Manan, on July 24, 1916, and
Mavor (1923) records a similar gradient at this same locality on September 4,
191,7-from 5.94° at 125 meters to 6.15° at 150 meters and 6.06° at 175 me.ters.
However, the water was coldest there on bottom on August 25, 1916, and again
on August 26, 1919 (Vachon, 1918; Mavor, 1923), just as Craigie (19160.) recorded
it for August, 1914.

TEMPERATURE GRADIENT ON THE OFFSHORE BANKS

No serial observations have been taken in the Northern Channel between the
cOastal bank off Cape Sable and Browns Bank in August; but a range of nearly 5.50

there on July 25, 1914 (station 10229) between the temperature at the surface (11.44°)
and near bottom in 100 meters (5.96°) makes it likely that the contrast is still wider
at the onset of autumn.

. Our only late summer serial on Browns Bank (station 10228, July 24, 1914)
showed a vertical range of about 6.2° between the surface (14.72°) and the 40-meter
level (8.35°), with the temperature then rising fractionally, with increasing depth, to
8.50 near bottom in 85 meters. The surface was also about 6° warmer than the bot
tom at two Albatro88 .stations 29 on the western and southern slopes of this bank on
August 31 to September 1, 1883, in depths of 146 and 119 meters, as tabulated below:

Temperatures on the slopes of Browns Bank, °e.

Date and station Surface 40 meters Bottom

Aug. 31 to sept. I, 1883: I20065 • •• •• •• __•__• • •• • ••_
20066 ••• • __• •

lu1y 24, 1914:10228 ••__•• . __. " " •••__._" ._. _

I From Townsend (1901).

12.8 • 7° at 146 meters.
12.2 6.4° at 119 metera..

14.72 8. 35 8 5° at 85 meters.

Values slightly lower herein 1883 than in 1914 probably reflect the difference to
be expected between warm and cool summers, and not a seasonal succession, because
there is every reason to expect higher temperatures here late in August than in July.

The Eastern Channel was also about 6(1 warmer at the surface than at 40 meters
on July 24, 1914 (station 10227) ..

The shoaler parts of Georges Bank correspond more nearly to the waters along
western Nova Scotia in the temperature gradient, with strong tidal currents with. ,
which every fisherman is familiar, responsible fora nearlyhoIDogeneous state of the
water over the parts of the bank where they are most active.

It Dredging stations 20065 and 20066 (Townsend, 1901, pp. 393 and 394)
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Such, for example, was the case near the northern edge of the bank on July' 23,
1914 (station 10224), when surface and bottom temperatures (11.11° and 10.78°)
differed by less than 0.5° in 55 meters depth. This same state prevailed at a station
'on the western end of the bank (10059) on July 9, 1913 (surface 13.3°; bottom 12.6°),
and again on July 23, 1916.30 In August, 1896, Doctor Kendall found a maximum
di:(fl;}rence. of ()nly about 1° between surface and 18-meter readings at many localities
along its northern and northwestern sides.

On the parts of the bank where the water is more than 50 to 60 meters deep,
and where tidal currents do not run so strong, the surface warms more rapidly during
the progress of summer, the bottom less so; witness readings of 14.8° to 17.8° at the
surface and 6° to 9° on bottom in 60 to 70 meters on the northern and eastern parts in .
August, 1926 (stations 20203 to 20208). The temperature gradient likewise differs
widely from place to place in the Nantucket Shoals region in the late summer,
depending on the topography of the bottom, with the water most nearly homogeneous
over the shoal banks and ridges. Thus, the temperature of the entire column of
water was 10° to 10.5° in 30 meters at a station 12 miles ESE. from Round Shoal
buoy on July 15, 1924 (station 10655); and in August, 1925, when a greater number
of serials was taken, the surface was invariably less than 1° warmer than the bottom
on Rose and Crown Shoal, Round Shoal, and Great Rip in depths ranging from 20
to 30 meters, the actual temperatures ranging from 11.5° to 15° froIn station to
station (p. 595).

The surface temperature rises high above that of the bottom water by the end
of the summer over the smoother bottom to the south of the shoals, a regional
contrast illustrated by two Grampus stations for July 25 and 26, 1916. One of these,
located on the southern edge of the shoals (station 10355), was only about 1° warmer
(11.95°) at the surface than at the bottom (10.97° in 30 meters). The other, in
deeper water 23 miles to the southeast (station 10354), was 5° warmer at the surface
(13.6°) than at the 30-meter level, and 7.6° warmer than on bottom at a depth of
70 meters. Readings of 16.1° at the surface, 14.1° at 18 meters, and 10.2° at 46
meters, near by, show about this same vertical range on July 9,1913 (station 10060).
A steep temperature gradient also develops to the west of the shoals by the end of
August, illustrated by Grampus stations 10258, 10259, and 10263 (p. 987), and by the
many serials taken off southern New England by Libbey (1891) in 1889.

TEMPERATURE GRADIENT ALONG THE CONTINENTAL EDGE

Sudden fluctuations in temperature are to be expected along the edge of the
continent where the conflict between warm oceanic and cool coastal waters is con
stant. The station data do, in fact, show wide variations in the upper 100 meters
along this zone (fig. 51). The one extreme, which may fairly be described as
subtropical, is exemplified by stations 10218, southwest of Georges Bank, July 21,
1919, and station 10261, in the offing of Marthas Vineyard, August 26, 1914. These
chill, with increasing depth, from a very warm (20° to 24°) surface stratum to 7°
to 9° at 400 meters and to about 5.25° to 6° at 500 meters. These contrast with
stations showing a well-marked .cold stratum at 40 to 80 meters, as south of Cape

10 Btation 10347, surface 11.39°, bOttoIl19.61° in 60 meters; station: 1ll348, sui'fsce 11.67°, bottom 1l.26° in 51 meters.

8951-28--39
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Sable on June 24, 1915 (station 10295), south of Georges Bank on July 24,1916 (sta
tion 10253), and at several of Libbey's (1891) August stations in the offing of Mar
thas Vineyard. Various intermediate gradients are to be expected, also. Serials
taken southeast of Georges Bank on July 24, 1914 (station 10220), and off Shelburne
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a few days later (station 10233), are cases in point. So, too, are many of Libbey's
stations and the Acadia stations in the offing of Oape Sable for July, 19,15 (Bjerkan,
1919).
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TEMPERATURE AT 40 METERS

The regional differences that developed in the vertical distribution of tempera
ture between various parts of the Gulf of Maine, I,l.B the summeradvance!j" ~nd, to
make the temperature (as plotted in the horizontal projection) more nearly tJ.:Q.lform
in the mid depths than it is at th~ surface'. Thus, all the 40-meter readings for' the
month of August of the years 1912 to 1915 (figs. 52 to 54), and 1922, (omitting for
the moment the cold summers of 1916 and 1923), have faUell within araIlge 016°,
from a maximum of 11.5° off Lurcher Shoal (station 10031, 1912)to a miniIIlumQf
5.5° off Cape Sable (station 10243, 1914). Only 6 August readings at40meters,
out of a total of 64, have been as warm as 10° to 11°; only 3 cooler than 6'\ and

71' 70' 88'

69'

811'

68' 67' 6&'

FIG. 52.-Temperatureat a deptjl of ,40 meters, August 5 to 20, 1913

the great majority have fallen between 7° and 9.5°, irrespective of precise geo
graphic location. Consequentl:r,this may be taken as the·normaltemperature to
which the 40-meter stratum of the gulf as a whole warms by tne'end of the summer.

With so narrow a range, and with the water contmuing to warm until well into
.the autumn, a difference in date of a few days one way' or the other will beaccom,;.
paniedby a greater difference in temperature, at 'this' leveirthan any regional differ
ence that might be disclosed bya simultaneous survey of the whole western'and
northern part of tht1 gulf,

Differences between eoldand,wRrnl'years, illustrated 'by a temperature of about
8° on August 9, 1913 (station:l0(j88),butonly 5.75° at the same locality in 1914 on
the 22d of that month (station 10254), likewise outweigh the regional differences for
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this station. Consequently"I havenotdound it possible to chart the normal
isotherms for values between 6° and 10° for the. 40-meter level for August, except
.{or the very ()bvious fact that the whole Gulf of Maine is then 4° to 5° warmer at this
leveltlianisthe water along the outer c.oast of NovaScotia, where.the40-meter
temperatllre was about 1.9° ro3° in July, 1914, war~ngto about 3.4° off Shelburne
by the first week. of September in 1915 (stations 10313 and 10314). , .'...,.

If the gulf north of Georges Bank be arbitrarily divided into t:wo subdivisions
bythe l1leridian of Penobscot Bay (69°W. long.), th~ average of all the40-meter
!readmg-sro' the west of it is 7.4° for August, 8.8° in the'eastern subdivision (omitting
.the 13ayorFundy). ': ' .. .'" ..,..

\ Wheifthe August temperatures for the several years are studied. individually,
instead.of in combination, this separation into·a cooler western, and a warmer eastern
subdivision of the gulfpl'oper, but with muc'hcolder wttMreast of Cape Sable, beComes
still mo:(e apparent (figs. 52 to 54). Although the precise readings vary a degree
or tWO'Rt'any givensttitioli from YElar ro year, the 40-meter charts agree in locating
the coldest area (6° t08° in 1914; 9° in 1913 and 1915) in the western side of the
gulf, ~~~endIDg eastward into the south-central part of the basin in wedgelike outline.
Thus a line running from n'orth to south across the gulf in the offing of Penobscot
Bay wouldalt~mate1ycrosswarm water next the coast, fractionally cooler farther out,
and warmer again in the southern side. .

. In Allgust, 19l3\and 1915, the4Q:-w(;).ter level was warmest along, the eastern
side altha basiD.; ''Closer in to we~tern Nova Scotia in 1914. ' ,

A.4etailed tenwer8Al1'esurv:eyorMassltchus~ttsBay,carried out during the
l~st week of A,llgust, 19~2 (statioI1~ lQ631 to 10645),gave-40-meter values of 7° to
8;5<L.;..!owest close in to th~' land otf Gloucester (where upwelling is so often made
evident by iow surface temperature) and'" along theinner edge'of Stellwagen Bank
(5° 'at station 10632), where tidal overturnings are to be expected because of the con
tour of the bottom. In other years August readings in the bay at the 40-meterlevel
have ranged from about 6.5° (off Gloucester, August 9, 1913, and August 22, 1914,
stations 10087 and 10253) to 8° at that same 10c8.lity on August 31, 19i5(station
10306) .

The 40-meter chart for 1~)14 (fig, 53) shows a band 1° to 3° cooler than the
water on either side of it extending lengthwise of Georges Bank. Our July profile of
the western end of the balik, in 1916, also cut across a similar but still coolerbaud
(p. 629; about 4° to 5°) just outside the 100-meter contour (station 10352). Although
nothing in our previous eJCperience .foreshadowed SUIll-mel' temperatures there as low
ij,S thos~ of. t4at year, the presence near by.of a s:i.rnilar cold stratum (10.8°) at about
75 meters in July, 1913 (stationJ0061), anq. te:[nperat~re gradienta of the same sort
recorded in the offing of Marthas Vineyard by Libbey (1891), show: that a coolband
.of this sort maybe expect~along the offshof&Jedge of Georges Bank.in most summers.
In' some, yea11l this extends as far~est as. the longitude of.M~thas Vineyard as late
M August, ,but in other years it is obliter8itedthere at an earlier date by encroach
ments of the warm oceanic wate~ from outside the edge of the continent, as happened
inl\H4 when the 40-meter ~evel had warmed to l.2.5.?t:013.7° right across the shelf
abreast of Marthas Vineyard by.the la;&t week of August.
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Temperatures higher th&Il 15° are always to be expeoted only a few miles outside
the edge of the continent during July and August at 40 meters, as illustrated by our
station data for i914 (fig, 53L but there is no evi~enoe that the 40-meter stratum,

40'11-...........- _

71' 70' 89' 88'

....

87· 88'

FIG. 53.-T8mperature at a depth ot 40 meters tor July-August, 1914. North ot the heavy broken line (Cape Cod to Cape
Sable) tbe chart represents tbe state ot the gulf from August 11 to 24; south ot It, tor July. combined with August.
The Bay ot Fundy temperatures are trom Craigie (1916b)

ever warms to so high a. tElmperature as. this anywhere within the200,:"meter
contour abreast the Gulf of Maine,
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TEMPERATURE AT 100 METERS

,. . The 100-meterlevel has an especial interest as rep~esentativeofihe'stratWD;qsually
coldest in the gulf in summer. Here the extremes of temperature ~o far recorded to
thE! north of the CapeCod,:-Cape Sable line late in summer have been 3.95° south of
Cashes Ledge on Au.gust ~3,1914 (station 10255), andlOOjiear LurcherShoalin the
first week of September, 1915 (station 10315).

The"westerriside of the gulf has proven cooler than the eastern at the 100-meter
level. Thus, lOO-meter readings as 10w'l;tS 4.4° to 5° have been recorded only to
the west of theloJlgitude ,of Mount Desert Islfl.nd (long. 68° 30' W.), with the single

.,.._ / .._..s....~~"!!~~ _._ \\

71' 70'

8" 88' 87' 88'

FlO, 54.-Temperature ot the northern part ott~ gulf at a depth at 40 meters, August 31 to September 11, 1015. The Bay.
ot Fundy temperature 1s tor 1919, according to Mavor (1923)

exception of the one station off Mount Desert Rock on August 9. The .fact that all
but one of the 100-meter temperatures for August west of that longitude have been
below 5.5° 31 is evidence that this side of the gulf is uniformly the cooler at this level,
not m.erely"soJocally.

Tlie··8.osolute values vary from year to year within narrow limits, so that the
isotherm most graphically dividing the cold western'area from the warm eastern
area in any given summer may be 5°, 6°, or even 8°. In each August of record this
critical curve, parting the gulf, has followed a .characteristic S-like course (figs. 55
~Iid 56), with the warmest water following th~ eastern side oLthe basin around to

11 The exception Is station 10043 otf Cape Cod,wlth a 100-meter temperature ot ahout 6° on August 29, 1912.
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the north and west, so that a line run south from Mount Desert Island would alter
na.telycross a warm tongue and then cooler water at 100 meters, just as at 40 meters
(p~ 608).

This regional distribution of temperature is precisely the opposite of the surface
state (fig. 46), where the gulf is warmest in the west and coolest in the northeast, a.

1'112-

FIG. 55.-Temperature at a depth of 100 meters, August, 1912 (above), and August, 1913 (below)

difference discussed in a later chapter (p. 924). In August, 19.12 and 1913, this
warmest zone at 100 meters extended westward along the coast of Maine as far as
longitude 69° 30'. In 1914 it hardly passed the mouth of Penobscot Bay. In all
three years-1913 to 1915-the 100-meter temperature was ,3° to 4° higher along the
eastern slope of the basin (8° to 8.6°) than in the opposite side of the gulf.
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Craigie (1916a) had temperatures of 8.15° to 9.25° at 100 meters in the Bayo£'
Fundy on August 270029, 1914, corresponding closely to about 9.6° in the Grand
Manan Channel at this depth on August 17, 1912 (station 10034). In 1919, Mavor
(1923) found the lOO-meter level about 2° colder than this (6.9° to 8.5°) at a

FIG. 66.-Temperature at a depth of 100 meters, July to August, 1914. North of Georges Bank the chart represents the
state ot the gulf during the last half of August; south ot the bank the data are tor July and August combined

number of stations in the lower half of the bay at the end of Au.gust; but it is prob
able that the regional distribution of temperature was about the same in the two
summers, with the water slightly coldest in the center of. the bay abreast of the
western end of Grand Manari Island.
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Notwithstanding the paucity of August data for the open gulf proper south of
the Cape Cod-Cl\Pe Sable line (p.594), it is possible to estimate the 100-meter tem
perature of the southeastern part of the basin, of the Northern and Eastern chan
nels, and along the oceanic slope of Georges Bank from the July stations for 1914,
because the general cycle of temperature makes it practically certain that these
localities would have been found slightly warmer in August. On this assumption,
the 100-meter level is about 3° colder in the Northern Channel 32 than in the neigh
boring part of the basin of the gulf to the west, with still lower temperatures (2°
to 5°) over the inner half of the continental shelf along the outer coast of Nova
Scotia (Bigelow, 1917, p. 182, fig. 16). The rather abrupt east-west transition
in temperature at the western end of this channel (fig. 56) also is evidence that no
general movement was taking place in either direction along its trough at the time.

In the Eastern Channel, however, the 100-meter water (8° to 9°) is about as
warm as it is in the eastern side of the gulf, with a gradual transition to still higher
readings (11°) along the continental edge and to 14° and higher a few miles farther
Qffshore. However, the precise distance it is necessary to run out from the edge of
the continent to find water as warm as this at the 100-meter level, on any given
date, depends on the circulatory interaction between the cool banks water and the
much warmer and salter oceanic water of the Atlantic Basin. Probably, how
ever, the isotherm for 14° is always closer to the edge of the banks to the west of
longitude 68° than to the east of that meridian.

The low temperature (8.98°) on the sout,heastern face of Georges Bank at 90
m.eters (station 10222) deserves attention because it suggests a drift of cool water
()ut of the gulf around the peak of the bank, salinity being too low there (34.18 per
mille) to allow of upwelling up the continental slope from the mid depths offshore as a
possible cause. This is corroborated by the density there, as explained below (p. 958).

The 100-meter level remains much more nearly constant in temperature through
out the summer than do the overlying waters, with readings only about 1° higher
in the western side of the gulf at the first of September, 1915, than they had been
during the last week of the preceding June.

In the eastern side of the gulf, where solar heat is more rapidly dispersed down
ward by more active vertical circulation, the 100-meter level may be expected to warm
by 2° to 3° from June to the end of August; most rapidly along the eastern slope
of the basin and in the Bay of Fundy, where Mavor (1923) records an increase in
the 100-meter temperature from 3.92° on June 15 to 6.13° on September 7, 1919.33

TEMPERATURE AT 150 METERS AND DEEPER

Annual variations in temperature have proved wider than the regional differences
at depths greater than 100 to 150 meters; nor has the regional distribution at differ
ent levels been parallel from summer to summer. The following table shows the
western, central, and northeastern deeps of the basin fractionally warmer than its
eastern side in August, 1913.

liThe lao-meter temperature was 5.960 on July 25, 1915, at station 10229.
33 At Prince station 3, about 10 mUes southeastward from the western end of Grand Manan.

8951-28---40
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Station Depth,
meters Locality

•
Tempera·
ture, 0 C

10088 __•••••• __•• _••••••••• " __••••••••• , _•••_. ••••__•••••
10090 _••••• ••••••_. ••••••••_••••• __• _._•• • __ ._••• _••_._
10092 ••• •• •••_•• ._•••• •••• -••••• __• • ••••_.

t~~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::I

183 OlIing of Cape Ann•••••••__ .••••••--
183 Center of guIL••• ---.__ ••• __
183 Eastern arm of basin _
183 ~_do •• _••_.. •• •••_. ._.
219 Near German Bank •••••••• •• ••

6.28
6. 61
6.11
6.22
6.89

In August, 1914, howeve~, the bottom water was appreciably warmer (7° to
7.9°) in the eastern and northeastern parts' of the basin than in the western and
central parts (6° to 6.24°), apparently banking up against the Nova Scotian slope,
as indicated on the chart (fig. 57). Successive stations, from the offing of Cape
Ann to the Nova Scotian slope, again showed a slight rise in the temperature of the
of the bottom water (at 175 meters) from west to east acroSs the basin on August
31 to September 2, 1915, as follows: Station 10307, 5.4°; station 10309, 5.8°; and
station 10310, 6.8°. The amount by which the temperature of the one side of the
gulf differs from that of the other, in this stratum, varies sO widely from year to

.year that it would not be surprising to find it virtually uniform over the whole area
of the basin in some future summer.

Other features of the temperature at 175 meters worth mention are its con
stancy in the southwestern part of the basin from July 19 (station 10214, about 5.4°)
to August 23 (station 10256, 5.6°) in 1914, and the fact that the southeastern part
was warmer than the Eastern Channel in that summer,34 although the latter offers
the only route by which water of high temperature can flow into the gulf from off
shore. Barring the possibility of higher temperature in one or the other sides of the
channel than in its center, where the observations were taken, the most reasonable
explanation for this apparent anomaly is that a considerable indraft had taken place
late in June, but that this had then slackened, allowing the temperature of the
channel to be reduced slightly by mixture with .the cooler water to the east and
west of it. .

Our data for 1914, combined with temperatures taken south of Marthas
Vineyard by Libbey (1891) in 1889, show the water along the continental edge
abreast of the gulf as 10° to 11° at the 175-meter level in late summer, warming to 12°
a few miles farther offshore (fig. 57). In 1914 the mouth of the Eastern Ohannel
marked a division at this and greater depths between these comparatively high
temperatures to the west and lower temperatures. to the east, with the isotherms
swinging offshore, abreast of Browns Bank, and a 175-meter value of only about
7.7° in the offing of Shelburne on July 28 (station 10233). But with the tempera
ture between 11.3° and 11.85° there at this same level and at about the same date
8 year later (Bjerkan, 1919, p. 393; Acadia station 41), the ocean water was
evidently closer in to the slope"':"'annual variation sufficient to exercise considerable
biologic effect on the bottom fauna along the southeastern slopes of Browns Bank
and Georges Bank.

Only a small portion of the basin of the gulf is deeper than 175 meters. The
bottom of the western bowl, at 260 meters (entirely inclosed at this level), was 7°
in August, 1914, that of the eastern branch ranging from about 6° in its western

"Station 10225 about 8.80 and station 10227 about 7.1 0 at 175 meters on July 23 and 24,1914.
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side (station. 10249) to about go in its northeastern side. off Machias, M;e,.{station
.10246), with 7,9° recorded forthe southeastern part of the basin (stationlO~25~l!ond

,about 7° on the floor of the Eastern Chan,nel. (station 10227) that July,
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FIG, 67,-Temperature ata depth of 176 meters within the gulf fot Auguat. 1914, The temperatures along the continental
slope are for July and August of that year, Combined

PROFILES

The most striking thermal feature of the western side of the gulf in summer-r
certainly the one most often commented on-is its low temperature below the 40 to 50
meter . level, contrasted with the warm surface water and with the· still Waml61'
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oceanic water outside the edge of 'the continent to the south, illtistlrated'moregraph
ieallyinprome (fig. 58) than' in horizontal projection. To find wa.ter on the conti
nent8.l slope along this profile as cold'a:sthe lOO"meter reading in the gulf it is
necessary to descend below 500 meters, while 100 water was within 40 mete;rs'depth
of the surface in the gulf bu.tdeeper than 180 meters on the slope. Farther east,Where
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FIG. 58.--'Temperature profile mnnlng from a point off northern Cape Cod, southeastward IICroSS Georges Bank to the

continental slope, for July 19 to 21, 1914 (stations 10213 to 1(218)

the basin to the north· of thebank!'l is warmer and wheres. cool 'wedge intervenes
between ocean water and continental edge, a July profile (fig. 59) shows a contrast
of only about 10 between the gulf, on the one hand, and the continental slope, on
the oth~r, at depths greater than 120 meters.

These two profiles of Georges Bank are further interesting for outlining the band
'I of cool water that then extended along the bank from northeast to southwest, as just
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described. On the western member of the Pitir (fig. 58) this appearS as a core (10°)
over the offshore edge .at a depth of 30 to 80 meters, but as a body of cold bottom
water .(8°) well in OIl the bank on the eastern profile (fig. 59)f with the ,col1J.I1:lA' of
water nearly homogeneous in temperature from surface to boHoJIl (inclosed>by
isotherms for 10° and 12°, evidence of active tidal mixing) op. the northeastern part.

Station,a

FIG. 50.-1'emperature proflle running from the eastern sIde of the basin, southeastward across the eastern lind of Georges
Bank to the continental slope, July 22 to 23, 1014 (stations 10220 to 10225)

With the August profile crossing the shelf off Marthas Vineyard (fig. 60), they
also afford an instructive demonstration olthe continuity of the zone of warm
bottom water (10°) fUl along the offshore slope of Georges Bank at the 100 to 150
meter level in summer (though not farther east), with lowe1" < temperatu.X'~ on the
shosIer bottom of th~ bap.k:f,Qp. the one hand, as well as deeper down the sloPe, on
the other. <
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The spacial relationship which the comparatively warm bottom water of the
gulf bears to the colder mid stratum, to the still colder Nova Scotian water, and to
the warm surface water, in summer, may best be illustrated by profiles crossing the
Eastern Channel (fig. 61), crossing the gulffrom west to east (figs. 62 and 63), and
running out normal to the general trend of the eastern coast line of Maine (fig. 64).

The first of these, in conjunction with the corresponding profile for March (fig.
19), is especially interesting for its demonstration that it coincided with a slack period
when a counter drift out of the gulf had filled the western side of the channel with
colder and less saline water, but followed an inward pulse that had overflowed
Browns Bank, raising the temperature of the whole column there to the high figure
(8.5° to 14.7°) stated on the profile (station 10228). This, however, had spread no

Stations

FIG. 61.-Temperatnre profile running from the eastern end of Georges Bank, across the Eastern Channel, Browns Hank,
and the Northern Channel, to the offing of Cape Sable, July 23 to 25, 1914

farther north-witness the lower values in the Northern Channel (station 10229) and
the still colder water (3° to 10°) at the Cape Sable end of the profile (station 10230).

Our summer cruise of 1914 does not afford a satisfactory profile across the gulf
for July or August, lacking serial observations along the eastern slope of the basin,
where the axis of warm bottom water, drifting into the gulf, is to be expected. One
running eastward from the mouth of Massachusetts Bay toward Cape Sable for August
31 to September 2, 1915 (fig. 62), however, will represent the late summer state
equally well for the gulf as a whole in a moderately warm year. The spacial rela
tionship there shown between the warm surface water in the western side of the gulf
(> 16°), the cold mid stratum centering at about 100 meters (close to 5.5°), the warmer
slope water (>6°) banked up against the eastern slope of the basin at depths greater
than 140 meters, and the homogeneous column (9° to 10°) on German Bank i,n the
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"The isotherm for 10° for this region,
~ on my earlier. Iepre~ntstion of this pro

llIe. is incorrect (Bigelow, 1917, fig. 71).
II Highest vainest 176 meters 6.6° 011

Cashes Ledge (station l()OllO); lowest 6.9°
in the eastern side of the basin (station

, 10008).

eastern side of the picture
(station 10311), resulting
from the active tidal stir-

~ ring, is characteristic of late
§ summer;85
.s The ·low surface read
~ ing of 9.40 on German Bank
~ was unexpected, because the
~..o.., whole underlying. column
;;and the surface water to the
~ east as well as to the westi of the station were slightly
j warmer. Pro ba bly this
~ local chilling had its source
.s in some upwelling from the
= still.. colder bottom water
i clos~in to Oape Sable.
~ In summers following
~ periods when the infIowing
<ll

~ bottom current has been
~ weaker, or at least less regu
~ lar (1913,for instance); cross
\1. profiles of the gulf bring out
~ the cold mid layer even
;, more clearly (fig. 63), with
1!8 ..mi.n.imum readings of about
~ 5.20 in both sides of thei gulf at depths of 75 to 90
I .meters irithis particular
~ year. But, con tu.sting
o with this same, month of
~s 1914 and of 1915, the profile
~ for 1913 $hows only a frae
~ tiona.l,,):VarmiI;\g with in
i creasing depth, from. this
a level downward toward the
I bottom, with no apparent
~ banking, up of the warmer
s bottom water against the
~ eastern slope.86
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The upper layers of the gulf thus present much the same picture from summer
to summer when studied in west-east cross section, with isotherms closely crowded
in the western side but spreading over the eastern coastal· bank, and the uppermost
stratum cooling from west to east as already described (p.588). Invariably, too, the
gulf has proved at least as cool at 100 meters as at any level in July and August, and
usually coolest there in the form of a definite layer of minimum temperature spread
ing seaward, centripetally, from the western and northern shores. However, the
spacial distribution of temperature at depths greater than 150 to 175 meters varies
from summer to summer, depending on the volume and velocity of the bottom cur
rent drifting in through the Eastern Channel at the time or shortly previous (p. 613),
as well as on the precise route followed by this water within the gulf. When this
current has been in large volume shortly previous, it tends northward and westward
around the eastern and northern slopes of the basin, so that the conditions described
for 1914 and 1915 prevail (fig. 62). Following a. long slack period, a reproduc
tion of the temperatures of 1912 or of 1913 may be expected.

A composite profile (fig. 64), based on observations taken in the summers of
1913, 1914, and 1915, illustrates the relationship which the western extension of the
warm bottom current bears to the shoaler water along the coast of Maine, on the one
hand, and to the central part of the basin, on the other, When this drift is active, it
hugs the northern slope of the basin as it eddies around to the westward, a state
ment supported by the evidence of salinity as well as of temperature.

The much lower surface temperature (12°) at the inshore end of this profile than
over the basin offshore (16°) is simply the result of active vertical circulation
along the coast; so, too, i~ the reverse relationship prevailing at the 60 to 100 meter
level. I may also point out that this profile, like those. already discussed, shows
the cold mid-layer (of 5.3° to 6.04° at 100 to 150 meters).characteristic of the inner
parts of the gulf in most summers, and which is reminiscent of the low temperature
to which the whole mass of water shoaler than this had been chilled during the pre
ceding winter (p. 689).

The maintenance of comparatively high temperatures down the slope, at depths
greater than 30 meters, which is probably characteristic of the summer season in
this part of the gulf, may have some biologic importance by making an especially
favorable environment for such bottom animals as prefer a moderate temperature
within narrow limits where they would find no sud~en thermal bar to vertical
migration.

Profiles crossing the mouth of Massachusetts Bay fron Cape Ann to Cape Cod,
for the cold July of 1916 (fig. 65) and for August 22 of the warm summer of 1922
(fig. 66), are introduced for graphic demonstration of the thermal stratification that
develops there by the end of the summer. It is surely worth emphasis that the bottom
temperature should be only between 4° and 5° in water as shoal as 75 meters in as
Iowa latitude as 42° N. at the end of August, with a surface temperature as high
as 18°, as was the case in 1922-and this in a warm year.

The presence of a surface stratum of homogeneous water (18.6° to 18.7°) nearly
10 meters thick, blanketing the northern part of the August profile (station 10633),

. is rather contrary to our previous experience in this part of Massachusetts Bay,
where low surface temperature usually has been recorded, reflecting upwellings or
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tidal muings; but a temperature gradient of this type would result from active
stirring of the upper stratum, if there be little~interchange of water between the
latter and the ,deep strata. , In Cape Cod Bay, where partial inclosure and shoal
water make local warming more effective than in any other part of the gulf, this
state is probably typical of midsummer, judging from the state of the upper 14
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FIG. M.-Temperature profile mnning southward from Mount Desert to the basiufor August, from the
data for the years 1913, 1914, and 1915, combined (stations 10000,10248,10249, andl0305)

meters of water there (18.3° to 17.9°) on August 24, 1922 (station 10644 and 10645,
p. 995). The fact that the superficial stratum of water warmer than 12° was con
siderably thicker neat Cape Cod than in the center of the bay that August corrobo
rates the station'data for May and June, 1925, to the effect that Cape Cod Bay is an
important center of production of warm water during the summer months. Had
the profile been run a few miles farther west,water warmer than 18° probably
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would have occupied the upper 10 meters from end to end, instead of showing the
chilling effect of the strong tides, which actually characterize its Oape'Cod end.

In the July proffie (fig. 65) the cold bottom water is banked up against the
southern side of the bay, but against the northern side on the profile for August
(fig. 66). A difference of this sort probably reflects a corresponding difference in
the movements of the deep water ar(;mnd Stellwagen Bank. Judging from experi
ence in otheryell,rs, the state illustrated by these August stations is the more usual
In summer.

BOTTOM TEMPERATURE

(

.s~",I"/"I'N. "

..~

6

/fJtJ~---------

The bottom temperature of thegul! in summer is governed chiefly by the
depths, but also to some extent by locality. At this seasQ.n the bottom is coldest

(3° to 5°) in the
troughs off the west
ern shore of the gulf,
irrespective of depth,
and in the offing of
Cape Sable in the
opposite side, with
the whole deep basin
1° to 3° warmer out
side the i50-meter
contour (5° to 8°).
For example, an ani
mal ·li.ving in the
trough off the Isles
of Shoals might actu
ally suffer lower tem
peratures during
some summers than
in sonie winters or
springs, according as

FIG. 65.-Temperature profile crossing the mouth of Massachusetts Bay ltist west of stellwagen the years be cold or
Bank, JUly 19, 1916 (stations 10340 to 10342). The contour of the bank Is represented by tQe waI1Il in the gulf.
broken curve

The' annual differ-
ences in the basins at depths greater than 175 to 200 meters consequent on irreg
ular pulses in the bottom current may so overshadow the regular seasonal cycle as
to make the latter negligible, biologically, up to the end of the summer. Bottom
dwellers in the coastal zone, however, must be inured to a wide range of temperature
if they are to survive; as, indeed, they must in shallow boreal waters in general.

Cape Cod Bay experiences a wider fluctuation in bottom temperature, with the
succession of the seasons, than any other part of the open gulf outside the estuaries
and islands. In ()rd~r to exist there, without bathic migration, in water shoaler
than 5 to 10 meters, any animal must be indifferent to temperatures as high as 18°
to 19° in midsummer (p. 623). A bottom temperature of 17.9° was even recOl~ded

as deep as 13 meters off Barnstable on August 24, 1922 (station 10644)-an extreme
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for which the exposure of the neighboring flats to ,the sun at low tide is 1).0 doubt
responsible-with 13.2° at 18 meters off Plymouth (station 10642). In winter these
same regions cool to 0° or even fractionally colder. Around the more exposed shores
of Massachusetts Bay, however, we have found the bottom temperature 120 to 9.80

in. 15 to 18 meters depth; 7° to 9.8° at 25 to 30 meters; 7.2° to 5.60 at 40 to 50
meters; and 4.5° to 6.2° at 65 to 75 meters in August.

Compare this with the Bay of Fundy, where eyen the littoral zone warms
only slightly above 10° to 12° off open shores, butwheie the bottom in 40 to 50
meters is almost equally warm by the end of the summer (p. 599). Under these con
ditions cool-water animals, at home in temperatares up to 10°, find no limit to their
bathic dispersal short of the surface, instead of bei.p.g (:onfined to depths greater
than 12 to 15 meters, as they are in Massachusetts Bay in summer. On the other

Station.
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FIG. 66.-Temperature profile crossing the month of Massachusetts Bay from Gloucester to

Cape Cod, August 22, 1922 (stations 10631 to 10633). The broken curve represents the
shoalest contour of the bottom along the rim formed by Stellwagen Bank

hand, any animal restricted physiologically to truly Arctic temperatures would find
a more favorable habitat in the deeper parts of Massachusetts Bay and in the still
colder trough off the Isles of Shoals than in the Bay of Fundy at any depth.

, The studies on the life history of the cod, on which the Bureau of Fisheries is
hQW engaged, lend special interest to the bottom temperatures on the grounds where
most of the fish have been tagged-NantucketShoals, Platts Bank, and the vicinity

,of Mount Desert Island.
In August, 1925, the Halcyon had bottom readings of 11.20 to 15.56° on the

shoals in depths of 20 to 30 meters (p. 1012), and probably this is about the maxi
mum to be expected there in an average summer. On the other hand, the bottom
water cools to about 3° to 4° there at the end of winter, so that any fish (or other
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animals) remaining the year round on the shoals may experience a difference of HO
to 12° with the change of the seasons.

The bottom temperature usually has ranged from 9° to 100 in about the same
depth of water off Mount Desert Island in August, but in the cold summer of 1923
it was probably about 20 colder there, judging from a temperature of 7.50 at the
30-meter level a few miles farther out from shore on August 5 (p. 599). On Platts
Bank the bottom water had warmed only to about 60 at a. depth of 71 meters by
September 3, in 1925, with 4.50 at 80 meters on the 20th of July (p. 1012); but I
may anticipate by pointing out that the temperature there does not reach its maxi
mum for the year until October or even later at depths so great.

ANNUAL VARIATIONS IN SUMMER TEMPERATURE

Although the temperature of the gulf shows wide fluctuations with the change
of the seasons, our data for seven summers, together with earlier records (p. 514),
prove that as a rule there is little difference at a given locality, from yeaI' to year, for
a given month. However, the period of observation has included the notably cold
summers of 1916 and 1923; such also was that of 1882. Conversely, it is to be
expected that unusually warm summers do also occur from time to time, though no
definite record of such has yet been obtained in the temperature of the gulf.

On the whole, the bottom of the western side of the gulf had virtually the same
temperature in July and August of 1872 (Verrill, 1874 and 1875) as when deep read
ings were first taken there 37 in these same months of 1912. Verrill's readings for the
northeast corner of the gulf were consistently 0.50 to ,1.50 colder in 1873 and
1874 than in 1912, but correspond very closely with the state of that region in 1913.
The surface values for 1873 likewise correspond as closely with those for 1912 as
could be expected, except that autumnal cooling seems to have commenced earlier in
the season in the latter year (Bigelow, 1914, p. 92).

The summer of 1882 (the year that saw the oft-quoted destruction of the tilefish)
was colder than normal in the southern parts of the Gulf of Maine, where the Fish
Hawk (Verrill, 1882 and 1884, p. 654; Tanner, 1884b) obtained the following readings,
with reliable reversing thermometers, on bottom to the eastward of Cape Cod:

Depth, meters

51- , • • • •__• __ • _
60__• ._••_• . • • • __ ._._
80 •• •••_.:. .• • __ • _
100._. ._•• • __ • • • • _

Temper
ature

°C.
4.4
3.0
3.0
2.8

Depth, meters

111 • __ • • • • __• _._c.... _
152 ._.__ ••• • • ._
166•• • • • • • __' • •
201 • •• • __•

Temper
ature

°C.
2.8
3.3
3,3
3.6

Turning now to the more recent records, we find the August temperatures for
1912, 1913,1914, and 1923 differing so little, one from another, at any level that
they may be taken as typical for that month.

The slight differences between the first three of these years have been discussed
in earlier reports (Bigelow, 1915, p. 246; 1917, p. 231). Briefly, the eastern part

17 These early resdlngs and the allowance that must be made for the InaccuraCies inherent In the type of thermometer used
are discussed In detail In an esrlier report (Bigelow, 1014, p. 112).
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<if the gulf was slightly colder, the western half slightly warmer, in the summer of
1913 than in 1912, though the greatest annual difference was nowhere greater than
2.5° for sets of observations taken at nearly the same date. Thus we fOlIDd the
August stations in Massachusetts Bay agreeing veryc10sely for these two years
(stations 10044,10045, and 10106). The water a few miles north of Cape Ann was
about 1° to 2.5° warmer in August, 1913 (stations 10104 and 10105) than in
July, 1912 (stations 10011 and 10012b), a difference that may have been due chiefly
to a difference in the dates at which the readings were taken.

The surface of the western side of the basin was apout 1° warmer, the 100-meter
level about 0.5° warmer, and the 200-meter level about 1.5° warmer on August 9,
1913 (station 10088), than on July 15, 1912 (station 10007); and while this differ
ence was seasonal in the shoal strata, it probably reflected an annual fluctuation at
depths greater than 100 meters. Off Platts Bank, a few miles to the northward,
observations taken within three days of the same date (7th of August in 1912,
station 10023; August 10 in 1913, station 10091) showed the immediate surface
about 1° colder in 1913 than in 1912. However, this may have been due to a differ
ence in the stage of the tide, which runs strong over the bank. The bottom tem
peratures there were almost precisely alike for the two years. In the eastern side
of the basin 1913 was slightly the warmer year down to 70-odd meters, but about
1.5° the colder from that level down to bottom at stations only a few days apart in
date.

The fact that the water was more than 2.5° warmer on the surface near Monhe
gan Island on August 14, 1913 (station 10102), than on August 2, 1912 (station
10021), though with virtually no difference below the 30-meter level, can hardly be
accounted for on a seasonal basis. The mean temperature for the whole column of
water was also about 0.7° higher on Jeffreys Bank, off Penobscot Bay, on August 2,
1913 (station 10091, about 10°), than on the 8th in 1912 (station 10025, about 9.3°),
with less active vertical circulation, as evidenced by a wider vertical range of temper
ature. The 1913 temperatures, however, were about 0.75° to 1.5° the lower a few
miles farther east on August 14 (station 10038, 1912; station 10101, 1913). The
August temperatures for 1913 were likewise 1° to 1.5° the colder along the eastern
coast of Maine and over the coastal bank west of Nova Scotia, where the obser
vations for the two years were taken within a few days of the same dates. For
example, the station off Lurcher Shoal was about 1° colder at the surface and in
the mid levels, about 2° to 3° colder near bottom at 120 to 140 meters depth, in
1913 (station 10096) than in 1912 (station 10031); German Bank was also about 2°
colder at all levels.

Except for the immediate surface, so subject to seasonal change, the upper 100
meters of the western basin was warmer in 1915 than in any previous summer of
record; below that depth the readings for that year were fractionally cooler than
those for 1913 or 1914, but warmer than for 1912, with an extreme annual variation
of about 2.4°.

The surface stratum of the center of the gulf near Cashes Ledge was 2° to 3°
warmer in 1914 than in 1913, but the water deeper than 40 meters was as much
colder, with temperatures for 1915 intermediate between these two years at depths
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greater than 80 meters. These differences may have been due to differences in verti
cal circulation around Cashes Ledge, however, as may the fact that the water was
coldest here on bottom in 1915.

In the western side of the eastern arm of the basin the differences in tempera
ture between the four summers were less than 10. On German Bank the temperature
was about 1° higher in 1914 than in 1913, but about the same asin 1915 (allowing
for seasonal differences, due to the difference in date of the observations).

The temperature along the northeastern coast of Maine, in the one side of the gulf,
and in the deep bowl off Gloucester, in the other, have varied but little from summer
to summer; but the deep water was 1° to 2° colder next the land west of Penobscot
Bay and off Cape Elizabeth in 1914 than either in 1912 or in 1913. This also applies
at depths greater than about 75 meters to the trough between Jeffreys Ledge and
the coast. .

In the deep strata of the Bay of Fundy the bottom water ranged about 2° warmer
in August, 1914 (Craigie, 1916a), than in the summers of 1915 (Craigie and Chase,
1918) or 1916 (Vachon, 1918), and slightly warmer than Mavor (1923) records it for
1917 or 1919.

These annual differences may be summarized as follows: Except for the imme
diate surface, the upper 150 meters was slightly colder in the western, central, and
northern parts of the gulf in 1914 than in either of the two preceding years, but the
bottom water of the western, northern, and eastern parts of the basin were warmer,
with still higher temperatures in the western side in 1915.

More or less fluctuation in summer temperature is to beexpected in any partially
inclosed basin as subject to violent climatic changes as is the Gulf of Maine, and
where waters of different temperatures meet. What really deserves emphasis is that
the yearly changes have been very small during the period of record; certainly not
enough seriously to affect the waters of the gulf as a biologic environment, except
perhaps in 1916.

During that year vernal warming proceeded so slowly in the sea, after an almost
Arctic winter and a tardy spring, that the temperature of the central part of Massa
chusetts Bay was only 3.67° to 3.90 at 50 to 80 meters depth on July 19 (station
10341), though the immediate surface was about as warm as the expectation for
that date (16° to 17°). In fact, the deep readings were hardly warmer than read
ings taken in May of the preceding year,oDly about 1.5° warmer than the winter
minimum for that level during 1913, an.'d2° warmer than the early March tempera
ture of 1920(p. 522). The water off Northern Cape Cod (stations 10344 and
10345) 38 was likewise decidedly colder in 1916 than in the summers of 1913 to 1915,
with the 20 to 40 meter lever 2° to 3° colder than in 1913 and 6° to 9° colder than in the
same month of 1914. The suprisingly low surface temperatures of 10° offChatham and
7.2° in the southwestern part of the basin on July 22, 1916, contrast with 16° to 17°
for this part of the gulf as a whole at about that same date in 1913 and 1914.. It
is clear that such cold surface water reflected some temporarily and locally active
vertical circulation, because the vertical range of temperature was less tha.n 1° between
the surface and 30 meters at the coldest of these two stations (10346), instead of a
range of about 9°, which previous experience suggests as normal for the western side

.. About 4.1 0 at 50 meters, 3.85 0 at 100 meters. and warming fractionally below that level to 4.06 at 150 meters.
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of the gulf in July. But even allowing for this factor, a considerable annual differ
ence in surface temperature remains to be accounted for between the cold July of
1916 and the warmer years, 1913 to 1915.

Furthermore, the vertical warming below 100 meters, so characteristic of this
side of the gulf in 1914 and 1915 (Bigelow, 1917), was hardly appreciable in 1916.
During the interval, July 22 to August 29, the mid layers off northern Cape Cod
warmed by about 1° or 2° (stations 10344 and 10398). Even then, however, the
temperature did not equal that of 19m on the same date (station 10043, August 29),
or of 1913 three weeks earlier (station 10086, August 5; Bigelow, 1922, p. 91).

The surface water on the northwestern part of Georges Bank was also about 2°
colder in July, 1916, than in that month of 1913 or of 1914, as appears from the
following table:

Depth
July 9,

1913,
station

10059

July 20,
11114,

station
10215

July 23,
1916,

station
10347

Depth
July 9,

1913,
station

10059

July 20,
1914,

station
10215

July 23,
1916,

station
10347

---------I------�----II·------~--I--- ------
.~ .~ .~ .~ .~ .~Surfaoo 13. 33 16.68 11.39 40 meters • •• 10.43 _

20 meters. ._________ 12.24 55 meters______________________ 12. 60 •__
27 meters______________________ 12. 60 60 meters. ._____ 9.61
30 meters______________________ 10. III 70 meters • • 9. 62 ._.__

The difference in temperature between July of 1916, on the one hand, and of
1913 and 1914, on the other, was even wider along the southern edge of the bank.
Violent annual, even day by day, fluctuations are to be expected there (Bigelow,
1922, p. 10), but nothing in our previous experience foreshadowed summer tempera
tures as low as those of 1916, when the bottom water was 4° colder there than in
1914, though the stations for the two years were close together in location and the
surface temperatures (17° to 18°) were almost alike. The surface near the continen
tal edge south of Nantucket lightship and the depths greater than 50 meters were
likewise 3° to 4° colder in July, 1916 (station 10351), than in that month in 1913
(station 10061); and the cold band just outside the edge was 4° to 5° (fig. 67) instead
of 9° to 10°, as we had found it in 1914 (fig. 58).

There is nothing unprecedented in a vertical distribution of temperature of the
type shown on this 1916 profile (fig. 67) over this part of the slope; indeed, its repeated
occurrence suggests that something of the sort is to be expected except when obscured
by encroachments from the warm water of the so-called "Gulf Stream" (p. 608).
The surprising feature of the summer of 1916 is that the temperature of the coldest
layer should have been so low and that water so cold lay so close to the surface of the
open sea in July at this latitude. In fact, as I have elsewhere noted (Bigelow,
1922, p. 103), this July temperature very closely paralleled the temperature taken
at the same relative position on the slope off Cape Sable, about 200 miles to the north
eastward, on June 24 of-the year previous (station 10295).

The Grampus did not visit the eastern side of the gulf in the summer of 1916,
where the water was also unusually cold during that summer, as Dr. A. G. Huntsman
writes: 39

Ii Quoted from a letter from Doctor Huntsman.



630 . 'BULLETIN OF THE BUREAU OF FISHERIES

The temper~tureof tile water in the Fundy region was unusually, low during the summer of
1916. ',l'he qata given me by Craigie (191680, 1~16b), Craigie and Cha.se (1918), alld by Vachon
(1918) show that in the St. Croix River, near St. Andrews, and in' Passamaquoddy Bay the
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FIG. 67.-Temperature profile running southeastward from the offing of Nantucket to the continental slope of Georges

Bank, July 24 to 26, 1916 (stations 10351 til 10356)

temperature of the greater part of the water during the first half of August was approximately one
degree (C.) lower in 1916 than in 1914. In the Bay of Fundy, off Campobello Island, the water
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was slightly colder on July 25, 1916, than it hadbeell on July 14, 1915, and nearly two degrees (C.)
colder on August 16, 19161 thll.n it had been on August 27, 1914. Also, in the Bay of Fundy, east
of Grand M;anan, the tewperature of the body of the water was nearly one degree (C.) lower on
July 24, 1916, than on July 15, 1915, and more than two degrees (C.) lower on August 16, 1916,
than On August 27, 1914. This shows that in the Bay of Fundy the water was colder in the
summer of 1915 than in that of 1914, and still colder in that of 1916.

Enough data have thus been gathered to class 1916 definitely as an abnormally
cold year in: the gulf.

It is i~teresting to consider whether climatic conditions during the preceding
months will account for this abnormality. Unfortunately, no observations were taken
in the gulf during the preceding winter, but the deep temperature of the western side·
changes so little from February to June that its Julystate gives an indication of the
temperatures that have prevailed there in spring. Judged from this viewpoint, the
July temperatures of Massachusetts Bay and of the ;neighboring part8 of the gulf
for 1916 do not suggest that the sea temperatures of the preceding winter were
abnormally low.

This conclusion is corrob<;>rated by meteorological conditions, for the early part
of the winter of 1915-16 was warmer thanusual (mean temperature for January
about 6.70 F. higher than normal at Boston, 2.70 F. higher than normal at Province
town); but the temperature was about 2.50 F. below normal at Boston in February,
4.4° F. below normal in March, with unusually heavy snowfall in both these months
(30.3 and 33.3 inches, respectively). Consequently, there is every reason to suppose
that the temperature of the water of Massachusetts Bay did not commence to rise
until a month or even two months later than usual that spring, and that vernal
warming proceeded more slowly at first than in more normal years, because the
weather continued abnormally cool and cloudy throughout May and June. Fur
thermore, it is in just such a spring as this, when the surface stratum warms very
slowly at first, but then rapidly, that the deeper water is most effectively blanketed
from the penetration of heat from above by the Budden development of a state of
high stability. Indeed, a better illustration of how slowly the deeper water warms
under such circumstances could hardly be found than by the very small rise in tem
perature that took place off Cape Cod from July 22 (station 10344) to August 29 of
that year (10398) at 40 to 50 meters.

Thus the difference in temperature between the cold summer of 1916 and the
warm Bummers of 1913,1914, and 1915, in the western side of the gulf, was no wider
than can be accounted for on the basis of the local weather.

I may point out that a cold winter and spring in 1916 were similarly followed
by low summer temperatures in the coastal water· all along the continental shelf,
westward and southward to Chesapeake Bay during that same year (Bigelow, 1922),
not alone in the Gulf of Maine.

It is possible that the low gulf temperatures of 1916 also reflected some unusual
expansion of the Nova Scotian current, because even a temporary offshoot of that
icy-cold stream crossing the gulf at any tiIl).e during the spring would chill the sur
face of its western side 20 to 30 or more below normal (p. 680). Had the Grampus
made a general survey of the gulf in 1916, as she did in 1914 and 1915, this question
would have been cleared up; but the few stations for that cold year were all located
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close to the western shores. The salinity of the Nova Scotia current being consid-'
erably lower than that of the water it meets in the Gulf of Maine' (p. 727) , its presence
causes low salinity as well as low temperature such, indeed, as prevailed at -our few
gulf stations for 1916. Salinity, however, is not a safe criterionfor northern water
in the western side of the gulf, because it is also dependent on the amount of run-otf
from the rivers, which was greater during the spring of 1916 (p. 837) than usual.

No serial observations were taken in the open gulf during the summers of 1917
to 1919, but Mavor's (1923) data for the Bay of Fundy classify 1917 and 1919 as
normal seasons. Brooks (1920), however, points out that 1920 continued a II cold"
year in the gulf through the summer, by the testimony -of bathers along New Eng-

T....-ature. Centicnul.
'S' If' 5" eI' -r s- g> to" 11· t2" 13" 14° 15" tel' 1"]0 IS- 19" 2IY'

-- 1--1""'"

~10- I-"p~

V /
I /

j II
I--~J I

P-Ii

I
r

II

J

I
I

6
160

FIG.68.-Vertlcal distribution of temperature 011 Cape Elizabeth on August 16, 1913 (A, station 10104),
and ou August 7, 1923 ( B, latitude 43° 18',longitude 69° 44')

NeterO

10

20

30

150

40

50

60

70

80

90

100

110

120

130

140

land beaches. This was followed by a summer of at least average warmth in
Massachusetts Bay, and probably over the gulf as a whole, in 1922 (p. 995). By
c'ontrast the summer of 1923, like that of 1916, was unusually cold in the deeper
waters following a severe winter, with unusually heavy snowfall, and a tardy spring.
Surface readings would not have suggested this more than a mile or two out from
the land anywhere in the western side of the gulf. In fact, the coast sector between
Cape A.nn and Penobscot Bay was actually a degree or two warmer on the surface
in 1923 than in 1912 at the end of the first week of A.ugust, as illustrated by the
curves for 16° and 18° temperature on the charts for the two years (fig. 47), with
readings of 16° and upwards right into the land off Cape Elizabeth in 1923, where
we have usually found the coast skirted by a belt 1° to 3° cooler (p. 588).
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However, surface readings taken by the: Holeyonto·the eastward of Penobscot
Bay early that August provoo about 2° lower than the expectation. Bathers, too,

,reported the water unusually cold along the beaches throughout that summer, after
<nfshore)vinds, ,. This was corroborated by serial observations off Gloucester, which
proved the whole' column of water below the 30-meter level 1° to 3° colder in Au
·~t, 1923, than it was three weeks earlier in the season even in the cold summer of
1~16, although the difference in date would suggest just the reverse. Depths greater
¥han 40 meters were also 1° to 3° colder off Cape Elizabeth in 1923 than in allY pre
!ions August of record (fig. 68), notwithstanding the warm surface just mentioned.
This statement would probably hold good for the inner part of the baSin in general,
8Iso,as well as along the eastern coast of Maine, the relationship being similar near
Mount Desert Island and off Mount Desert Rock (table, p. 635).

It is probable that a summer colder than those of 1916 or 1923 comes very
seldom in the Gulf of Maine, .because winters so severe, and with so heavy a snow
fall, are exceptional (p. 697).

The possibility that cyclic changes of temperattfte may take place in the gulf,
with warmer or colder periods enduring over many years, must not be ignored; but
,~othingof this sort has· been recorded·there within historic times.
'" The following comparative tables for representative localities will show in detail
~he annual differences in temperature summarized in the preceding pages. 40

Annual differences intemperat'Ure

MOUTH OF MASSACHUSETTS BAY

1912 1913 1914 1916 1916 . 1922 [1923
Depth, meters 10002 10037 10263 10306 10343 10632

~ ~ 'I_JU_l_Y_10_ Aug. 9 Aug. 22 Aug. 31 July 19 Aug. 22 Aug. 9

It ;.••"••••••••_ _._•••••••••••_.... 18. 3 16.7 . 18.9 16.1 16. 4 18.1 17.2
20 ••••_••••••••_•••••• ••••••• ._••••• ••••••••••• 9.4 10.6 11.2 10.6 6.0 9.1 9. 0
40 __•••••••• ••• •__ •••••••••_••••••••••_••••••_.... 6. 6 6.7 6. 6 8. 0 4.1 7.4 6.6

.60 ._•• _••••••••••_•••••••• __•••••••••••••••••••••••••••• 6.0 6.4 6.4 6. 7 3.8 6.6 4. 4

.80 •••••• ••••••••••••••••••••••~•••••••••••••_........ 4. 6 6.3 4.8 6.3 3.7 _......... a. 3
'100 _•••••••••••••••••••••••••••••••••_•.••_............. 4.6 6.2 4. 6 6. 2 _••••••••• _......... 3. 2

'1::1 ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: "..._.~:~. tg g: g:::::::::: :::::::::: ~ i
WESTl!:Il.~ )JASIN

Depth, meters
1912

10007
July 16

1913
10088

Aug. 9

1914 1916
10269 10307

Aug. 22 Aug. 21

------------------------1------------
0 _••_••••••••••••• __ •••• __•••••••••••••..•••••••••••••••••••••_._............ 17.8
20 __.~••••••_•••••••••••_••••••••••_•••.•••••••••••••••••••••••• __•••••••••••• 11.7
40•••••_••••••_••••••••••, •••••••••••••• __ ••••"'" _••••_•••_••••••_•••••••••••••••••••• 8. 0
60••••••••••_••••••••••__ ••••_. ••••• • •••_••••••••••_._ •__._••••••••_"" 6. 0
80••••••••••••••••••••••~••••• _••••••••.•__•••••.••••••••••••••••••_..... •••••••••••••••• 6.0
100_•••_••_•••; _••_•••••••••_._••••_••••• _•••.••_•••••••••• _•••••_••••• _••_•• -••••• __••_ 4. 7
120••••_•••••••_•••••••••••••••_ ••_. •••••••_•••••••••••••• ••••••••••••••••••••••• 4. 6
140•••••• ••••••••••_••••.•••••••••••_•••••••• ••••••.•_••_. _••••••••••••• _."'" 4. 6
160••••••••••••••••••••••, •••••••••••••••, ••• -••_•••••• _••_••••••••_•••••••••"" _••_.. 4. 6
180 .•"' ••••••••_•••••••••••••••••••••••_••• _...... -•••• •• ••••••••••••••••••••••• 4. 6
200••••••••_••••••••••••••••••••••••••_•••••••••••• • ••••_••••••••••••••_•••••_•••• 4. 6
'220••••••••••••_._••••••••••• _._•••__ ••••••••••••_._•••_ •••• ••_..................... 4. 6
240.,•••,.,." .•••••_•••••_.-•••••_•••••••••••"'" .•••-- -••--••••••-•••••• -••••-•••-_.- -••••••••_
'260~.~. ~~••~••••"•.••~.~.~~"••~•• ~:•••~ ~._;~.:.-.'.'-••:_--.---.-•• '" .~•••••••••••••••••• -•••••••••

19.2
12. 6
8.7
6.4
6.4
6.2
6.6
11.9
6.2
6.3
6.3
6.3
6.3
6.3

20.0 17.2
11.6 12. 6
6.8 9.0
4. 9 7.0
4.6 6.7
4.4 6.2
4.7 6.2
6.3 6.3
6.9 6.7
6.6 6.8
6.8 6.9
7.0 6. 2
7.0 6.4
7.1 ._•••_._••

.. As the readings were not taken at the same levels at all the stations, or at as many levels as it is desirable to show here, it
has heen necessary In many cases to derive most of the values by interpolation. The temperatures are approximate, therefore,
end are given only to the nearest tenth of a degree, Centigrade.
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120•••••_-••••••••••• _•••, ••••••• , •••••••••••••••••.••••••••••••••••••,.~•••••••••••••• - ••-........ 4. 6 4. 8 8.8
140••••••••••••••••••••••••••••••••••••••• "."..:~••·."••'"~;..;..,,;.••;.;.;._l•••·,.•••••" •••l •••••••••••••••• •••••••,.. 4. Jl 13. 7
160................................................................................................ 4.1 4. 3 •••••••_.
180 _ _ ·_"-. ., ,: .."'-- ~~'~~..,~~.,:"": .;., - "!:~_ t'~ _:_~~ _ _ _- _ -..- - -- ---

J A t 130 metera.
OFF OAPE ELIZABETH . .:'

Depth. ~eten
11112 . 11113 . .1111' 11l2a

100111 10103 10000l
,July~ Aug. 1:1 ..Aug. 14. Aug. 7

----~-~-'_·_--..."..----..,-----------I·-----------
O~•.••••••••~•••••••••••••••••••••••••••••••"._ ••••••• .•_••••••~•••••••• ~·•• ~;.••l ••••·~••·• 13: t . 16.1 16. 6 18.1

l::::::::::::::::::::::::::::~::,:::::::::::::::::::::::::::::~:::::::::::::~::':::::::: Ii! 1~I ~~~~~~~~~~ ···'··~f:
r'oo::::::::::::::::::::::::::::::::::::::::::::::::::::I:::::::::::::::::::::::::::::::: g: ~ t ~ '"~'"'i"~' '-"".8:.
f:l::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::c::::::::I:::~::::::::: I::::::::: .:::::I::: ....."4,"" •••_._~~~

OFF PENOBSCOT BAY

Depth. metel'l!
11113 11114
mOl .1~·

AUS.14. . Aug.14
---.-..--- ------ -=---- - - ~~-t·~-·-_·_·__. _.

·O,•••••••••••~ •••••••••••••••••••_••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••__•
20••••••••••••••••••••••••••••••••••••••••••_••••.•••••••_•••••••••••••••••••••••••• _ ••••••••••_
40••••••••_•.•••_••••••••••••••• __••••••••••••••._••••••••••••••••••••••••••••••••••••_•••••••••_ .
60••••.•,.__ •.••••••••••••••••••-._•••••••••••"'." ••••••••••••••••••••••••••••••••••••••••••••••

·~~~~~~~~~·~~.~~~~~~~~~;~;;~;~tf;~;~~~;;~~;;~~~~;~~~;~;;;;~;;~;.~~~;;~;~~~;;;~~;;~~~;;~;;~

13.3 11.1
11..3 10.1
. .11.3 11.4

8,.11 8.1
8.7 8.7

. 8.3 8.4
7. II _.'.'.'"
7.3 .•••••••_••

13.1
10.2
8.6
7.11
7.4
7.1
Ik6
&.2



PHYSICAL·' OCEA.NOGRAPHY ··.OF .'l'HE.GULF'OF;JHA.lNE

Annual differencea in t6mperatu~CoDtinued

CLOSE IN TO BAKERS ISLAND. OFF MOUNT DESERT ISLAND

Depth. meters
1913 1916

10099 10il06
Aug.13 • Aug/18

1923

AUC. Ii
------------'---'--------------'---1---------

OFF MOUNT DESERT ROCK

Depth. meters

0•••••••••••••••••••••••••••••••••••••••_··,·· ••••••••""••••~••, ••••••••••••".'••••••••••••••••••••
40 .•••••••••••••••••.••••••••••••••••••••••••••••-••••••••••••••••••••••••••••••••••••••••••••..•••
.:100••••••••••••••••••••••••••••••••••••••••••••••••"•••••••••••••••••••••••••••••••••••••.'••••••••
11lO•••••••••••••••.•- -•••••••••"" •••••••••••••••••••••••••••••••••••••••• -•••••••••••
11lO·.·"···,·,,·•••••••' •••••" "••••••••••••.•••••••.....••••••..•••••••••.",.'•••••••,.•••,.•..•.

1913 1914 1923
10100 ll1248

AUK. 13 Aug. 13 AUI••

--------
12. 8 13.3 12.8
8.7 8.6 7.1
7.7 7.2 4.6
6.11 6.0 6.1
6.0 8.3

OFF THE NORTHEAST OOAST OF MAINE

Depth, meters

0••••••••••••••••••••••••••••••••••- •••••••"" '.'•••••- •••••••••• '."" ••••••••••.•••••••••, •••-•••••••••••••
~.•.........- , --" :.....•......."..•..- ~..~'. .
40•••••••••••• ._.,."'" •••••••••• -••- ••••••-- ..---•••••, ••••••••- ••••• -•••••••••••••••••••••••••••, ••- ••
eo••••.. ••.•••·..•.....-•••••,--......•••....-•.--.•..••.•."."••.•••••••••••••••••••••••.•••....••..,••..•

NORTHEAST CORNER OF GULF

11112 ..
10033

Aug. 16

10.6
10.1
9.7
9.6

1913'
10098

AUI.1S

10••
9.6
ll.3
ll.1

Depth, meliers: ' 1912t10030
1913,
10097

--'----------_.-. .
.:...2.......... _.. ...._:.. ..__ ~............. _.._.. ,..;., ...-~ ..-...:... .;, ,;.-_..._;...:..~ .........._..;.""'-.:._..._.;;. .....~.;,_'..:_ .._...__~.._~ ...._.;,......,;,,_ 10.,6

::: =::::::::::::::~::::::::::::::::::::~::::::::::::::::::::=:~::::::::::::::::::::::::::::::::: 1~ :
eo ••••.••_._.._...•..•..••••••••.•...••.•••....__ ...•..•..•.• 8.11
eo ."••••..•••.••••••••••.'•••..'•..•.•.•••••~•••.....•.•.'•••~•••••.'•••__••_••.'••••••••••••"••••"._'. 8. 6
100 "_••••••'_'."...••••••••••••• •••••••••••• '.__ ••, •••••••••••••~••• "-'~.-'................. 8. 3
1~.~.' :...._•••••••••~... g, 8

~:l :::::::::::::::::::::::::::::::::::::::::::::::~~::::::::::::::::::::::::::::::::::::::::::::::~::.
ISO •••••••••••••••••••••••_•••••••••••••••••••••••••_............ •••••••••••••••••••••••••••••••• 7•.~
200 ~"~._'••••••••••••••••••••••••••••••••••.'•••••••""_••••••.•~.-•••~~:~••••~••••••••••••••••••••••••••••~::..

IlI.S
11.7
10.4
11.2
8.~
7.7

'7.3
6.7
6.6
6.2
6.0 .

.14.&
10.0
8.4
7.3
6.6
6.3
6.6
7.3
7.8
8.0

18.2

I At 190 meters.
•• PRINCE" STATION 3

. (In tlje O&Dter. of the Bay of Fundy, between Grand M;P~pd Nova Scotlll, from data by Orefgl.e (l9168).,Yaehon (l918),pd
Mavor (1923).

Depth, meters 1914 '1916 '1918 191..'
-"-_; I__A_UK__• 27 _A._U_g_._26 se_p_.t_.4_, _A._UK_._20_

Slirfaoe •••••.•.•••••••..••••.••••.•....••.•••...-"•..•••.......•••.••..-~•••~•.•••.••..
lO.._..~... ..: .._ -~ ...-.....--~--~ ..----~ ...-~ ....:"'-..:-."!'~.~_ .....-_ .. -,_ .....~~-- ... - ........--..--..7-·...-~ ......-----..
26••••••• ••••••••••_••••••••••••••_•••_••••••••••••~••••••••••••••••••••••••••••••••

~:::::::::::.:::::::::::::!:::::::::::::::::;:::::::::::::::::::::::::::::::::::::::::=:
t~:::::::::::::::::::::::::::::!::::::::::::::::::::;:::I:::::::::::::::::::::::::::::
~?~~"'''~-+,•• ''''';''''''''.'''''';'''--':'~--~~_-_.''P~-·''~''~'''7'''r~~·~''''IIi'''~---:., ...",:---~~",~ ....~ ...I."'i~-!~""I- ..:~t·-.::~

11.2
10. •
11.6
'9.2
9.2
8.8
8.·S
g,4 ,

10.1
9.\1
9.1
7.4
U'

U
';~i8

12. 2

1~~:I:
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Annual differences in temperature--Continue<!.

WEST SIDE OF EASTERN BASIN

Depth, meters
1912
10027

Aug. 14

1913
10092

Aug. 11

1914
10249

Aug. 12

1915
10309

Sept. 1

-------------------------1------------
0•••• ••••,._••••_••"_._•••_._. ._•• • _•• ._••__••• • _.__ ._._ 15. 0
20. ._._._. ._...__• • ~ ~ •• •_••••_••_••• ••••••__.___ 9. 2
40_.__•__••• •••_. ._ •__••_•••••• • _••_• • • ••~__._. 7; 8
60__•• ••_••••••••••••••• •••••__ • •••••••_.__ ••••_••_•••••_••• •••••••• __._ 7. 4
80••••••__ ••__ ._•••••__••_••••••••••"" ••__• •• ••• ._• •••__ 7. 2
100__•• •••••_._._._. ._•• ._•••.••_.__ • ._•••__ •• ••••• •• •••• 6. 1
120••_. _•••_••_•••••••__•••• ••__ •••••••_••••••••~_•••_•••••, •••• ••••_.".... 6. 6
140•••__•••• • • •••••••_._._•••••~ • __ • • "_' '_'_'.'__ '__ 6. 2
160 , _._. _. ._•• • •__•• • •_••__"_.' ._••_•••_. _. ••_. 6. 1
180 •"'_' ._._. ._•• • • ••__ • ._. • •__ •• __ ••••_••••_••_.__ 6. 0

i::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=1==::::::::
OFF LURCHER SHOAL

16.7 17.5 15.6
8.1 9.1 12. 5
6.7 6.4 10.3
5.8 5.7 8.5
5.6 5.3 6.8
5.9 5.3 5.9
6.1 5.5 5.8
6.1 5.9 5.9
6.1 6.1 5.9
6.1 6.0 6.0
6.1 5.9 6.1
6. 1 5.8 •__•••__••
6.1 •••• • __••

Depth, meters

0_••••• __•••_••_._•• •__•••• •• •••_._ •••_•• ••••_••••_• ••__.. _
25_••_._._ •••__•__••__ ._. ••• , __• ._••_., _•••••_••_•••• • _•• •• •••••••
50 ••_._••••~_••• _••• •••_•• . ._. ._.__ ••_. _._. ., •__
75••••"__.,_."_.__ • ._•• ._••_•• '_'_" ••• , ••__" ••_••_._•• __ ._.__•• _
100_. • __."••••"_" __••._.__•••••_••• ._••••_•• _• ••• •__._._. ., • •

1912 1913 1914 1915
10031 10196 10245 10315 .

Aug. 15 Aug. 12 Aug. 12 Sept. 7

---------
13.3 12,1 14. 4 12.2
11.8 10.5 10.3 11.3
10.7 9.4 - 9.2 10.1
10.1 8.6 8.8 9.9
8.5 7.4 8.6 --...._......_-

AUTUMNAL COOLING
SURFACE

The surface is at its warmest at some time during August in all those parts of the
Gulf of Maine where the surface temperature rises much above that of the deep
water in summer.41 This includes the whole open area, except for the northeastern
part, and the sites of active tidal mixing on the banks, the precise date of maximum
surface temperature for any given summer depending on the prevailing weather. Our
recent studies have not been sufficiently intensive precisely to locate this critical
date for anyone year or for any given locality in the gulf, but the records collected
by Rathbun (1887) for the years 1881 to 1885 show that it may fall at any time
between the first and last of August for the western and northern shores of the
gulf between Nantucket Shoals and Penobscot Bay. After the first of September
the surface of this subdivision cools as the autumn advances.

Experience in the summers of 1912, 1913, and 1914 suggests that the temper
ature of the upper layers of the western and deeper parts of the gulf generally (i. e.,
where vertical circulation is only moderately active) probably had passed its mid
summer maximum, and that autumnal cooling had commenced there by the date of
our late August and early September cruise of 1915. Thus, the highest reading
recorded on August 31 and September 2 of that year, on the run eastward from
Gloucester toward Cape Sable, was only 17.6°, contrasting with a probable maxi
mum of about 19° to 20° over the western sideo! the basin during mid August.
The seasonal schedule seems to have been about the same in 1925, also, when the
Halcyon had surface readings of 16.6° a few miles north of Cape Ann, 15.2° on Platts
Bank, and 14.7 between the latter and Portland on September 3.

IIThe temperature oC Inclosed harbors Is highest In July, mirroring the summer maximum Cor the air (p. 585).
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The more tide-swept waters along and among the islands east of C~sco Bay
where the whole column of water continues nearly homogeneous in temperature
through the summer and the surface warms only to about 11° to 13° insteadof 16°
to 18°, do not commence to chill until a month or more later in the season. In 1925,
for example, the surface temperature near the Duck Islands, off Mount Desert, was
almost exactly the same on September 9 and 10 (11.1° and 10.8°) as it had been
there on August 11 (10.9°),10° on September 15, and still 10.3° to 10.8°,on October
15 to 16. Readings of 10.28° off Machias and of 11.6° near Mount Desert on
September 15 and 16, 1915, are in line with this.

This same rule holds good for the Bay of Fundy, where no appreciable cooling
takes place until after the first of October-a month later than in Massachusetts
Bay or off Cape Ann. Thus, Vachon (1918) had surface readings of 9.21 0 to 11.07°
in the central parts of the bay on September 27 and October 4, 1916, with 9° to
10.6° at various localities in Passamaquoddy Bay between October 3 and 17,
showing a cooling of only about 1° to 2° from the summer maximum. Mavor
(1923) likewise records surface temperatures of 11.07° between Grand Manan and
the Nova Scotian shore on October 4, 1916, and 9.77° on October 2,1918. How
ever, the 10-day averages for Lubec Narrows (fig. 31) show that considerable
variation is to be expected from year to year in the date after which the' surface of
this part of the coast water commences to chill, for a steady though slight cooling
was recorded through September, 1920, whereas the mean surface temperature at
Eastport averaged highest at the last week of September for the 10-year period,
1878 to 1887.

! Surface readings of 9.4° on German Bank (station 10311) and 13.3° near Cape
Sable (station 10312) on September 2, 1915, suggest that the temperature was then
about stationary at its summer maximum in this side of the gulf.

With the surface along the western shores of the gulf, from Massachusetts Bay
northward, chilling rapidly during the early autumn, but with the northeastern and
eastern margin of the gulf cooling only very slowly at first, there comes a time when
the whole peripheral belt of the gulf outside of the outer headlands is nearly uniform
in surface temperature (close to 9.5° to 10.5° in most years), varying only a couple
of degrees, at most, from place to place. In 1915 this state was apparently attained
sometime between the first and middle of October, the surface of Massachusetts Bay
having chilled to 10.5°-13.4° by the last week of September (stations 10320 to
10324), with 11.6° off the Isles of Shoals and 11.9° off Cape Elizabeth on October 4
(stations 10325 and 10326), 10° at the mouth of Penobscot Bay (station 10329), and
9.4° near Mount Desert and off Machias on the 9th (stations 10327 and 10328). The
surface of Massachusetts Bay continued virtually constant at about 11° throughout
October.

The following tabulation (p. 638) of Rathbun's (1887) graphs for the years 1881
to 1885 likewise shows extremely uniform averages of 11.67° to 9.44° on October 1
for Boon Island, Seguin Island, Matinicus Rock, Mount Desert Rock, and Petit
Manan Island, localities where the midsummer temperat~es for the same years
would show a range of at least 6°.'2

"The everall'l surfaCe tempera~ at'l'batobers Island, at the tip of Cape Ann, was somewhat bigller (14.17·) forth8 two
years, 1881 and 1882, at the be¢nnlng of Ootober.

8951-28-'.l1
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Unfortunately, it is not known whether autumnal cooling proceeds at as rapid a
rate during October out over the basin of the gulf in generlj,l as it does along the
western shore, nor are data available for Georges or Browns banks during that
month; but Rathbun's (1887) ta.bulations show the surface almost as cool at Pollock
Rip, off the southern angle of Cape Cod, on October 1 (11° to 13.5°) as it is in
Massachusetts Bay at that same date. This applies also to the whole region of
Nantucket Shoals, where the Halcyon had surface temperatures of 11.6° to 12.2° on
October I, 1925, showing that a decided regional equalization had taken place
since midsummer, when surface readings in the same region have ranged from
11.6° to 16.4° (p. 1012).

The autumnal cycle of temperature to the southward of Marthas Vineyard lags
several weeks behind that of the waters to the north and east of Cape Cod. Thus,
the surface was 13.3° to 14.4° across the whole breadth of the continental shelf off
Marthas Vineyard on October 22, 1915 (stations 10331 tp 10333), with 15.5° af~w
miles outside the continental edge, while the Halcyon had 13.3° near No Mans Land
on the 28th of the month in 1925. This corresponds closely with Rathbun's aver
ages of 15° for October 1 and 11.7° for November 1,1881 to 1885, 22 miles off N8J}o
tucket (the old situation of Nantucket South Shoals lightship, which has since been
relocated) .

Average and extreme 8vrface temperature, 0 a., 1881 to 1885, from Rathbun's (1887) graphs, to the
nearest half degree only

22 miles SSE.
Date of Nantucket, Pollock Rip Boon Island Seguin Light Matinicus Mount Desert Petit Manan

lat. 40° 54'. Lightship Light Rock Rock Island I
long. 69° 49'

Av. Ex. Av. Ex. Av. Ex. Av. Ex. Av. Ex. Av. Ex. Av. Ex.

---------------------------------
Oct. 1..•.• 15.0 14.5-15. 5 13.0 11.0-13.5 11.0 9.5-12.0 11.0 9.5-12.0 10.5 lO.o-n.5 9.5 9.0-10.5 11.5 11.0-12.0
Nov. L.__ 11.5 11.0-12. 0 10.0 9.5-10.5 9.0 7.0-10.5 9.0 8.0-9.5 9.5 8. 5-10. 0 8.5 8.0- 9.5 9.5 9.5
Dec. 1 ___• 7.5 6.5-8.5 6.5 4.5- 8.5 , 6.0 5.5- 6.0 5.5 5.0-6.25 7.0 6.0- 8. t 5.5 2.0-7.0 6.5 5.5-8.0
Deo. 16 ••• 6.0 5.0- 11.5 5.5 3.5- 6.5 5.0 4.0- 6.0 4.0 3.0- 5.0 5.5 4.5- 6.5 5.0 3.0- 6.5 4.5 3.0- 6.0

I For years 1884 and 1885 only, the readings for 1881 and 1882 being omitted because so Irregular that their reliability Is
doubtful.

, Omitting one reading of 0.56°, which was obviously an error.

SUBSURFACE

At first the autumnal cooling of the surface, which accompanies the cooling of
the air, is due not only to an actual loss of heat by radiation (p. 692) but reflects mix
ture 'with the cooler underlying water, a process that correspondingly warms the
latter. The result is that the annual maximum is attained later and later in the year
as the depth of observation increases down to about 100 to 150 meters, or to the low'er
boundary of the stratum, the temperature of which is controlled by solar warming
alternating with winter chilling. Consequently the wide verticalrange of temperature
that characterizes most parts of the gulf iIi summer gradually gives place to a state
of vertical homogeneity as the autumn progresses. In 1915 (atypical year) autum
nal cooling had affected only the uppermost stratum of Massachusetts Bay up to the
end of SeptemberJ the 20 to 25 meter temperature having continued virtually sta
tionaryat the midsummer value (11 ° to 12°) up to that d,ate, with a rise of 2° to 3° at
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greater depths, resulting, no doubt, from the,constant tendency towardverticalequal
ization by tidal mixing.

.The profile for this date (fig. 69) shows that cooling had proceeded less rapidly iIi
the southern side of the bay next to Cape Cod, which receives warm water from Cape
Cod Bay, than in the central and northern parts, making the regional variation wider
than it is in summer (fig. 66). Temperature of -the upper 40 meters of Massachu
setts Bay, however, was virtually equalized at 9.50 to 11.50 by the last week of that
October (stations 10237 to 10239). On the other hand, vertical stirring had been
active enough to raise the temperature of the 80 to 150 meter stratum of the bowl off
Cape Ann from 5.80 on August 31, 1915, to 6.80 to 70 on October 1 (stations 10306
and 10324).

60

80 t------.,

1001------_---------------'
FIG. 69.-Temperatureproflle at the mouth or Massachusetts Bay, Inside Stellwagen Bank,

September 29 to October I, 1915 (stations 10320 to 10322). The broken curve shows the
contour or the bank

The thermal cycle was essentially similar in the cold year of 1916, when the 80
to 90 meter level was nearly 20 warmer at the mouth of the bay on October 31 (sta
tion 10399, 5.430 8:t 90 meters) ,thap. it had been on Jllly 1'9 (st/;l.tion 10341, 3.670 at
80 meters), although the surtace hadoooled frotn 16A0 tolOQ during the same inter
val, or to about the temperature normal for the outer part of the bay at that season.

Graphs for temperature off -the Isles of Shoals" and off Cape Elizabethdn Octo
ber 4,1915 (stations 10225 and 10226) ,'and at various dates in)Atigust (fig. 70.)sho,w
much-the same seasonal-change' as Massachu.setts -Bay, characterized by consider
able cooling at the surface, but at a. decreasing rate; down to about 30 to 40 meters,
contrasted with a slight warming at greater depths down to bottom in 145 to 175
meters. However, it is impossibletostltte the'precise rate of change for any given
level far anyone year from the dataa:t hand.
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The entire column. of water down to 30 meters had cooled to about 10° at the
mouth of Penobscot Bay by October 9,1915, with about 9° at 60 meters, correspond
ing to.a decrease of 3° at the surface, but a me of about 1° at depths greater than
20 to 25 meters (fig. 71).

The surface (904°) was about 0.7° colder than the bottom near Moun,t Desert
Island in 60 meters depth (10.1°) on October 9, 1915 (station 10328), the bottom
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having warmed since ,A.ugtJst ~b9utasrltpidly,as.the surfaQe had .cooled. Probably
the temperature .wouJd. have .. been ~ound 'h'9:mogeneous' there from, surfaee to bottom
at:about 9.5° a Week or SO earlier in the seR8()n, as it Was off Machias,. Me., on that
same date (station 10327), with a reading. of9.~° at the ,surface and 9.83° close in
to. the bottom.

:'.l'he whole column of watel'warms slowlyin,thedeepet Parts of the Bay of
Fundy throughout the summer, and at.~InQrecl~earlyu.niformrate vertically than is
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the case in the deeps of the open guU. Probably this proc,esscontinue$ into'Se.ptem
ber e\Tery.year, sometimes into October, as happened in 191.6 (Vachon, 1918}tables;p;
3(9), with the bottom water continUing to warm for some time after the s1ll'face'·has
commenced to cool. Judging from Mavor's (1923) tables, the depths greaterthan
about 60· meters in the trough between Grand Mananandthe Nova Scotian shore
of the bay may be expected to warm by about 1° after the date when the surface read
ingis highest and before the deep layers also.cOJIimence to 9how the chilling effect
9fautumn. In 1917 the temperature Of the mid-stratum tose from about 6° to 7r>
there on September 4 to 7o-go on 'October 2, but the maximum (6° to 7°) was not
a.ttained at depths greater than 60 meters llntilsomeweekslater in 1916..
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FIG n.-Vertlcal distribution or temperature 011 Penobscot Bay at successive dates, to show the progress or
autumnalcoollug. A, August 14,1914 (station 10250); B, October 9, 1915 (station 10329); C, November 2,
1916 (station 10(02); D, January I, 1921 (station 10496)

In the lower part of Passamaquoddy Bay, Vachon (1918; Prince station 4) found
the whole. column in 30 meters depth cooling after October 3 as follows:

Depth

Surface . ~ ~- .._
20 meters .,:. ~, , ". • ~-. ~.

30 meters________ _ ; . .. _

1 From Vachon's (1918\ tables.

Oct.lI, Oct. 16, Oct. 21, Oct. 'rI,
1916 1 19161' 1916 1 1916 1

°0. °0, °0. ·A '
10.60 9.35 9.32 8.61
~83 9.14 9.08 8.1\\
l¥.82 8.98 18.88 8.80

• 26 meters.
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·In'1916 the temperature of the upper 30 meters was about the same a few
lllilesoff Cape Ann on October 31 (station 10399, surface. 10°, 30 meters 9.18°) as it
was,on the 3d to the 16th in Passamaquoddy Bay, showing a.regional difference of
about ,two weeks in the,autumnal schedule between the southwestern and the north...
eastern parts of the gulf. This corresponds both to the land climate and to the
difference in latitude.

.Our only records of autumnal temperatures for the offshore parts of the gulf
later than the first week of September are for its western and southwestern. parts,
where serial readings were taken on November 1, 1916 (station 10401), and again
on the 8th afthe month (station 10404). In this very cold .year the. autumnal
warming of the deeper layers may have lagged some weeks behind the normal; the
inflow of water of high salinity into the bottom of the trough seems also to have been
in smaller volume than usual. Consequently, the temperatures of 1916 can hardly
be taken as typical for depths greater than 100 meters.

Surface readings about 0.5° higher in the offing of Cape Ann (station 10401,
10.6°) than near Gloucester,0.9° warmer than off the Isles of Shoals, and 1.3°
warmer than off Penobscot Bay on November 1 and 2 of that year show cooling
most rapid next to the land, as might be expected. This regional difference is
slight, however, and the deeper strata show much the same autumnal change off
shore as they do closer to land, with the 40 to 70 meter level warming slightly (fig.
72) while the surface cools. At depths greater than this annual differences entirely
overshadowed any seasonal alteration that may take place in the western side of
the basin between August and October.

As a result of the progressive equalization of temperature, horizontal as well as
vertical, that takes place during the autumn, the regional variation in the temper
ature of the western side of the gulf was only about 1.5° to 2° at any given level
deeper than 15 meters in the first week of November, 1916. This close approach
to uniformity is probably typical of the season, though the precise temperature at
any level varies slightly from year to year.

The average temperature of the region west of the longitude of Penobscot Bay
and north of Cape Cod is approximately as follows by the first of November in
normal years:

Depth
Average Avernge
temper· temper· Se8llonal

ature atui'e change
Aug. 15 Nov. 1

·C.
Surface__••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••••••••• •__•.••••• __••_. 15.0-18.0
20 meters••••••••_•••__•••.•••••••••••••••••••--- _•••• _.",.••••••••••_ • 11.5
40 meters•••••••••••••••••••••••••••••••_ __._•••••••••••••••• •••••••••••••• ••_.... 7.2
70 meters .. __•••••_._•••••••••••••_., _ ~. ••••••••••••••••••• __•• 5.6
100 meters••••••••••••••••••••••••••••••••••~ _••_. __•••••••••••• 4. 7

·C. ·C.
10.0 -5.0-8.0
9.5 -2.0
8.9 +1.6
7.0 +1.'
5.0 +.3

No records of the subsurface temperatures have been taken on Georges Bank
in autumn. In the shallow water of Nantucket Shoals autumnal cooling may at first
reduce the temperature of the surface slightly below that of the bottom, the Halcyon
having recorded surface readings of 11.6° to 12.2° on October 1, 1925, on the shoal,
when the bottom water was 12° to 13.5° in a depth of about 25 meters (p. 1013).
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'rhewhole column,h6we~er, cools nearly uniformly on liheshMls during O~tober,
.hether the surface be slightly cooler than the bottom or slightly warmer at this'
~()n depending on the wind as the latter moves the surface water in or offsho:te.
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l!'IG. 72.-Vertical distribution of temperature In tbe western arm of the basin of the gulf In

autumn and winter. A, August 31, 1915 (station 10307); B, November I, 1916 (station
. 10401); C, December 29, 1920 (station 1()490); D, January 9, 1921 (station 10503)

The upper 40 meters of water over the continental shelf,south of Marthas
Vineyard and out to the edge of the coJitinent, was vertically homogeneous' in tern
perature at 13° to 14;5° by October 22, 1915 (stations 10331 to 10333, fig. 73).
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We again fOUIld the superficial stratum over this part of. the shelf equally homog~

neous in temperature in November, 1916. .While the bottom water then showed
~light vertical cooling at depths greater than 30 to 40 meters, it was considerably
warmer then than it had been there in August-a state obtaining as far southward
as Chesapeake Bay (Bigelow, 1922, p. 123).

Thus, the coast water off southern New England corresponds to the Gulf of
Maine in the fact that the temperature tends to become uniformly homogeneous
during September and October, though the change takes place at a temperature 3°
to 4° higher than is the case to the northward of Cape Cod. "A seasonal change
of this sort was, of course, to be expected in the absence of disturbances by extra
limital currents, as the first step in the vertical equalization of temperature so
characteristic of northern coastal waters in late autumn and winter." (Bigelow,
1922, p. 123.)

In 1916 the surface temperature near land a few miles west of Marthas Vineyard
had fallen fractionally below that of the 30-meter level by November 10 to 11 (sta

tions 10405 to 10408);
Temperature, Centigrade and although this pro-

go 100 110 1'>0 13° 140 15° 16° 17° 18° 19° 200 21° 22°, file lies a few miles
westof the geographic
limits covered by this
report, it is repro
duced here (fig. 74)
because the readings
would have been
nearly· the same had
it been run out from
Marthas Vineyard on
the same date. Its
most instructive
feature is its demon
stration of the fact,
now sufficiently es
tablished, that

FIG. 73.-Vertlcal distribution of temperature oft Marthas Vineyard to show autumnal cooling. autumnal cooling in
A, August 25,1914 (station 10259); B, October22,1915 (station 10333); C, November 1,1916 the coastal waters off
(station 10406) the nor the as tern

United States proceeds from the land seaward. In 1916, as I have earlier remarked
(Bigelow, 1922, p. 123), this process had progressed so far by that date as to nearly
obliterate the preexisting stability of the water on the inner half of the shelf.
Farther offshore, however, where the immediate surface alone had yet been chilled
by the cool land winds, the underlying water at 20 to 50 meters still continued 1°
to 2° warmer than the superficial stratum above or the bottom water below. As a
result the curves for 12° and 13° might suggest a landward intrusion of water from
offshore if taken by themselves. However, the salinities forbid this interpretation,
proving this apparent tongue merely reminiscent of the maximum temperature to
'Yhich this level had warmed during the preceding summer (Bigelow, 1922, p. 123).
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A thermal distribution of the opposite sort, with a shelf of cold water projecting
se./l.ward, has been recorded l'epeatedlyoff this part of the slope at the end of th"
summer.

NOVEMBER AND DECEMBER

In 1912 the whole column of water off Gloucester had be.comeYerticallyh'omo
geneous in temperature (ll.bout 9°) by Novembe.l,'2p.(fig.75), sllggestingth,atautllJlli
nal cooling had proceeded at about the same rate there as it did in 1915 and 1916
(p. 638), while the whole column, 70 meters deep, had cooled to ahout 7.8° to 8.1° by
D~cember4 (station 10048).. It is interesting that the immediate surface was 0.1°

. to 0.3° warmer there than the deeper levels on both these dates, which may have
reflected irregularities and setbacks in the progress of cooling from day to day,
because both these stations were occupied after one or two warm days, though on
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FIG, 74.-Temperature profile crossing the continental sheIr ot! Narragansett Bay, November 10 and 11, 1916 (stations 10405
to 10508) .

both occasions the air temperature was a degree or so colder than the water at the
times the readings were taken.

The Fish Hawk again found the temperature virtually uniform vertically, from
surface to bottom,all along the southern side of Massachusetts Bay on Decmber
3,1925, in depths ()f 25 to 40 meters; in fact,the surface reading did not differ by Illore
than 0.2° from the wtermediate or bottom reading at any of the 10 sta.tions~· The
progress ofautum.naloooling also was made evident by a. mean temperatureofabout
6.2° for this. side of the bay. .Although the preceding· autumn had been unusually
mild (suggesting that! inmost years the sea temperature is a degree or tWQlowel'
by .that date) ,one st~tion..offPlylllouthHarbor(No. 10) and tWQ .at the head ()f. ~l:!e
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bay (Nos. 16 and 17) were then fractionally cooler at the surface than deeper-evi
dence that the water had been rapidly losing heat from the surface for some days
previous, which can be associated with a cold northwest gale on November 23. No
great horizontal variation in temperature was to be expected over so small an
area; in fact, all the readings for this cruise fell within the limits of 4.80° and 6.93°.

The slight differences recorded from station to station on this cruise prove unex
peetedly instructive, because the coldest water (4.8° to 5.8°) then formed a more or

less definite pool close
Temperature, Centigrade inshore, a few miles

1° 2" 3" _ 4° 5° 6° 7" 8° go 10~ tt- north of Plymouth,
with appreciably
h~her temperatures
(6.8° to 6.9°) to the
northward as well as
off the mouth of Ply
mouth Harbor and in
Cape Cod Bay to the
BOuth. Although the
data do not suffice to
bound this cold area
offshore, tqe general
distribution of tem
perature to be ex
pected at that season,
and actually recorded
there later in the
month (fig. 76) ,makes
it virtually certain
that it was also en
tirely surrounded by
higher temperatures
to the east.

On this same day
(Deeember 3), C. G.
Corliss, superintend
ent of the Gloucester

150 hatchery, found the
PIG. 75.-Vertlcal distributIon of tempe1'llture In the offing of OIoucester on successive dates of surface water 4.4° in

theautumn and winter. A, October 1, 1915 (station 10324); B, November 20, 1912 {station G louc est er Harbor
100(7); C, December 4, 1912 (station 10048); D, December 23, 1912 (station 100(9); E,
December 29, 1921 (station 10489); F, January 16, 1913 (stetlon 10050); G, February 9, and 5.6° at a locality
1921; H, February 13, 1913 (station 10053) 1 to 2 miles off its

mouth, a gradation that illustrates the progression of winter cooling from the land
out to sea, but does not suggest any considerable thermal difference between the
two sides of the bay at the time. Unfortunately, no corresponding readings were
taken in the central part; but the water was about 2° warmer 7 miles off Glouces-
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ter on December4, 1913'3 (also a mild year), than in the coastal belton that same
day in 1923. Temperatures of about 5° to 7° may therefore be expected around
the shores of Massachusetts Bay, with about 8° in its center, by the first w-eekin
December in average years, with the water virtually homogeneous from surface to
bottom.

80' 1 '

FIG. 76.-Surfaoo tempel'llture of Massachusetts Bay, Dooeinber 9 to 11, 1924.

The data for the Fish Hawk stations show that almost no change took place
either in the actual temperature of Massachusetts Bay or in its vertical distribution
during the first two weeks of December, 1925, the readings being fractionally higher
for the second cruise than for the first at some stations, lower at others. Th~

regional distribution remained unaltered, with the coldest water (5° to 6°) takID.g

" Station 10048; 8.10 at the surface, 7.80 at 46 meters and 70 meters.
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the form of an isotatedpoolnear the westerh shore, surrounded by, Slig.htly higher
temperatures (:fig. 76)., Equally coldwater (about 5.3°, surfaee'·tobottom)ofi
the/mouth ofProvmcetown Harbor (station 5) ,~owmarked the ..shalIows of tb:e
18itter. asa secondcenterforlocal cooling.

After cold west winds on December 13, 14, and 15, the whole column ofwa.ter
averaged about 1 degree colder in the southern half of the bay ?n the 16th and
17th than it had been a week earlier, with a maximum ~ooling of about 2° alld a
m.il)irnum of about 1() at the surface.

-to
ICV-rt'lpO'l'"a:tuTCo-

2°:5° 4° ". 6° '7°

~ +-+-+-+-+-+-+-+-+-+-++++++++++++++++++-++-+-+++++++++-1

'70l1lil1li_
FIG. 77.-Vertical distribution of tem~ature at three representative statllinsln tlle southern

side of Massachusetts Bay on December 9 to 11, 1924 (solid curves), and January 6 and 7,1926
(broken curves). •

Meantime the eastern and southern parts of Cape Cod Bay (59 at the surface)
had definitely become a site of production for cold water, separated from the still
colder pool next the land north of Plymouth (3.8° to 4.5°) bya ..slightly warmer
wedge (5° to 6°) in the center of the bay. At this season the water of the bay is so
nearly homogeneous, surface to bottom (fig 77), that a chart of the minimum .tem
perature, irrespective of depth (fig. 78), illustrates this regional distribution better
than ~ surface chart can. . . .
'. When the temperattirevaries more widely between st.ationsafewmilesapart
than between surface and bottom .at any one station, as is the Cll.$e in the southe:m. ;.,. .. . . ..,
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side of the Gulf of Maine after November, the thermal relation between surface and
bottom' temperatures may be reversed-at different Btages of the tide, as warmer
water from offshore comes in with the flood and water chilled near shore moves out
on the ebb. But whether the flood water ,will drift in at the surface, or whether it
will sink to some deeper level as it approaches the coast, depends on the regional
distribution of density. Accordingly, the flood tide may either raise the surface
temperature slightly above that of the deeper water near land in winter or it may
wa.rm the mid stratum temporarily, a state which may persist until the last of the
ebb. Both these alternatives are illustrated among the Massachusetts Bay stations
for December 16 and 17, 1925 (stations 5,6,7,9, 13, 14, and 17). The faet that the
sta.tion off Cohasset (16) was not only coldest at the surface but gave the minimum
temperature for the cruise (3.8°), although taken about the middle of the flood,
probably results from the general drift discussed below (p. 972). '

The fourth week of December, 1925, saw veI'Y," :wintry weather, with several days
of northwest gales, the minimum temperature of the air falling to _1°F. (-18.3° C.)
at Boston on the 21st and to about 5° F. (about -15°C.) on the 22d. .This was
reflected by an average cooling' of about 1° for the waters oLthe bay between the
16th and 17th and the 22d and 23d, which gives a rough measure of the radiation to
be expected from the surface during two or three days of low air temperatures and
high offshore Wiiidsat~histime of year.

Although the entire' area was much more uniform in temperature on December
22 and 23 than it had been a week earlier (all the readings for that datefell between
4.95°. and 2.5°), temperatures of 2.5° to 3° near Plymouth, in the one side, and a
mile off Gloucester., in the other,44 on the same day"contrasting with 4;5° to 5° in
the central part of the bay (station 18; about 7° at ,station 10049 on December 23,
1913), Eihowthe ,thermoJgradatio:n·usual fortbewinter season~ Thus, 4° to 7° may
be .taken as normal for the deep part's of the bay during the last week in December,
and 2° to 4° for itscoastalbelt.

The Bay ofFundy, in the opposite sideof the gulf, experiences essentially the
same cycle of temperature as Massachusetts Bay during December. Thus, Mavor's
(1923~ tables show the whole oolJlrnn of its deep trough as virtually homogeneous,
vel'tically, by November (fig. 79), and about reproducing Massachusetts Bay in
texp.peritture in December, notwithstanding the difference in latitude. Compare,for
instanoo,6~4°to 6.9° in the central parts of Massachu,setts,Bay on December 1.1, 1925,
with 6..18° to 6.6° for the corresponding depth column;in the Bay of Fundy on
December 2, 1915, and 5.62° to 6.12° on pecember 5,1917 (Mavor, 1923, p. 375);46

Somevariationistobee:ll:pected in the vertical distribution of temperature in
these bays ih Decemberfrom year to year. In 191;3, as noted (p. 645), the water off
Gloucester was homogeneous, surface to bottom" throqghout that monthi but in
1920 more rapid chilling had lowered the te:m:perf!.tu.re of the surface (5.56°) about
1.5C1 helowth.a.t of ,the 40-meter level (6.94°) at this locality by the end of the month

II Observation taken by 6. G. Corliss (P.513.)
u ~aver (1923)reoer4s 6.11" tor,tha SU1'fage, 6.420 at 50 IJ:Iaters, and 6.60 at 175 IJ:IeterB enDoo. 2,1916; 6.620 at tha surfaCll. 5.720

at 50 meters. 6.160 at 100 nuiters. and 6.180 at 176 meters en DeQ. 5,1917. ' ,
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(station 10489), and the Bay of Fundy was also fractionally colder at the surface
than a few meters down at this season in 1916 and 1917.
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FlO. 79.-Vertlcal distributions of temperature at Prince station 3, in the Bay of Fundy, in autumn
and winter, from Mavor's (1923) data. A, September 4, 1917; B, October 2, 1917; C, December
5,1917; D, January 19, 1918; E, Febmary 28, 1917.

MIDWINTER

The records obtained by the Halcyon during the last days of December, 1920,
and first half of January, 1921 (stations 10488 to 10503), represent the distribution
of temperature in the inner part of the open gulf for a midwinter neither unusually
cold nor unusually mild.
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These several midwinter stations (fig. 80), combined, show that at this season
8:llY line run normal to the coast of the gulf would lead from lower surface temper
atures out into slightly warmer water, with the surface then coldest (below 1°),
locally, close in to the land between Boston and Cape Elizabeth on the one side of
the gulf, and along Nova Scotia on the other; slightly warmer than 4° along the
intervening coast sector, outside the outer islands, and about 6° on the central and
southern parts of the basin (fig. 80); but the temperature may fall as low as 1°
among the islands by the end of December, as happened at Boothbay and in Lubec
Channel in 1919 (figs. 30 and 31).

These local differences result from the topography.of the coast line, from the
local winter climate, and from differences in the actiyity of vertical stirring by ~he

tides. Thus, the surface chills niore rapidly at the head of Massachusetts Bay than
~long the open co.ast of Maine because less actively mhed by the tides with warmer
water from offshore .and from deeper levels: Chilling takes place most rapidlyof all
in the sounds and harbors, because their enclosure prevents free interchange with
the water outside.

In. midwinter the surfl!oce is, as a whole, the coldest level, though differing by
less than 1° from the warmest stratum at most of the stlj.tions. Thus, theinner
:part of Massachusetts Bay (station 10488) had cooled to 3.89° at. the surface on
December 29, with 5.86° on the bottom in 60 meters. In .the bowl off Gloucester
the readings were 5.56° at the surface ande.9° to 7° from 40 meters down to the
bottom in 150 meters, the latter almost precisely reproducing the temperature recorded
there on December 23, 1912 (fig. 75). The surface was about. 0.5° warmer 15
miles off the northern end of Cape Cod (station 10491), but the 100-meter level was
about 0.1° cooler. The vertical distribution oftemperature was the same near the
land, off the mouth of the Merrimac River(station 10492), as near the head oiMas
sachusetts Bay, and with the actual values nearly alike, while the trough off the Isles
of Shoals (station 10493, fig. 70) agreed equally with the sink station off Gloucester
just mentioned. .. '

The vertical range of temperature was only about 0.2° off Seguin in about 80
meters depth on .December 31, 1920. (station 10495, 5.83° on the surface, 6.1° at.
40 meters, and 6.1° at 75 meters); but a few miles farther: out from the influence
of the land off the mouth of Penobscot Bay, the next dfl,y (station 10496), where
the water is less subject to tidal stirring,the temperature curve closely paralled that
for the Isle of Shoals station 2 days previous in the upper 100 meters (5.6° at the
surface, 6.05° at 40 meters, and 6.79° at 100 meters), but showed a slight vertical
warming at grea~er depths to 7.5° on the bottom in 150 meters. Surface (4.7°) and
90-meter readings (5.7°)' differed by about this same amount close in to Mount
Desertlsland(station 10497) .. However, the temperature was uniform, surface to
bottom, a few miles off Machias (station 10498,5.56° to 5.61°), a state approxi-
mated here throughqut the year. .
. In the Fundy deep the Halcyon found the whole column about 1°.to 2° warmer
on January 4, 1921 (sta,ti()uI0499) , than Mavor (1923) records it for January 3,
1916; in fact, agreeing more c10selywith his temperatures for December 5, 1918, in
spite of the difference in date, asfollows: ' .
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Deptb
l'rillce

Station station 3,
10499 Jan. 3,

1917 1

'C. 'C.Surface .. __ _ __ 3. 66 3. 69
110 metenl---~-- - • . 26.00 4.66
100 meters .-- ~ . . _ 6. 03 Ii. 30
176 meters ... .____________________________________ 26.80 4. 69

1 From Mavor, 1923. 2 Approximate.

Apparently the waters along the western shores of Nova Scotia are about as cold
as the inner part of Massachusetts Bay in the first week in January, judging from
1921, when the temperature was uniformly 3.8° to 3.9°, surface to bottom, a few miles
off Yarmouth (station 10501) on the 4th; or about. the same at the surface as the
reading off the mouth of Boston Harbor 5 days previous, with no wider difference at
20. to 40 meters than can be accounted for by more active vertical circulation and
by this difference in date.

In the northeastern part of the trough, on January 5 (station 10502), the surface
was coldest (5.56°) overlying a uniform stratum (6.6° to 6.7°) at 40 to 100 meters,
with slightly warmer water (6.9° to 7.2°) at still greater depths; but readings taken
in the western side. of the basin for January 9 showed the water about 2° warmer
at 100 to 150 meters than either the surface or the bottom (station 10503).

Thus, the level that is coldest in the western side of the basin in summer is
warmest in midwinter-about 2.5° warmer, in fact (7.5° to 7.8°), than we have ever
found it in August. A serial for late November is r~quired for a correct picture of
the autumnal change there; but the fact that the salinity of the 100-meter level was
higher at this locality in December, 1920, than We have ever found it in August,
September, or October (fig. 138), suggests' that the temperature of its warm stratum
had been maintained at about the November value (about 8°) throughout December
by additions of warmer and more saline water from the southeastern part of the gulf,
while the surface stratum had cooled. This reconstruction is corroborated, also, by
the fact that while the surface continued to chill (about 0.5°) during the interval
-between December 29 (station 10490) and January 9 (station 10503), the 100~metf.n·

level warmed by about 0.5°, the 150-meter temperature rose by about 1.5° during
the' interval. with no corresponding increase in salinity (p. 994).

In horizontal projection the midwinter serials just discussed show the 40-meter
level coldest (3.86°) in the eastern side of the gulf, off Yarmouth, Nova Scotia; 40

to 6° ip. Massachusetts Bay, along the coast of Maine east of Penobscot Bay, and at
the mouth of the Bay of Fundy; 60 to 7° elsewhere (fig. 80). The temperature
was regionally as uniform at 100 meters, also, varying only from 6.030 to 7.81 0 over
the whole area-coldest in the mouth of the Bay of Fundy. At 200 meters,how
ever, the regional distribution of temperature (also of salinity-po 804), was just the
reverse, being warmest (6.9° to 7°) in the northeastern branch of the basin and the
Bay of Fundy and coldest in the western side of the basin off Cape Ann (5.3° to 5.6°).

No serial temperatures have been taken in the open basin of the gulf during the
last half of January or the first three weeks of February, but records for the vicinity
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ofGIoucestei' in 1913,fof,thesouthern side of the Massachusetts Bay region in 1925,
and for the Bay of Fundy region show that the water continues to coolduring these
months. In 1924-25 cold weather at about Christmas was reflected in .the southern
half of Massachusetts Bay by temperatures about 2.5 ° lower on January 6 and 7
than they had been on December 22 and 23, the mean temperature having fall~nto

about 2.5° to 2.6°, surface to bottom.46

Large amounts of ice formed in the southeastern side of Cape Cod Bay during
the low temperatures and northwest galel;l of the last week of that December, until
it was packed several feet high on the flats and along the beaches south of Wellfleet,
reaching fora mile or more offshOteas I Saw it on the 29th.. Its chilling effect is
reflected in the fact that the temperature of the water was much lower (0.3° on the
surface, 0.25° on bottom in 13 meters) off Billingsgate Shoal on January 7 (Fish
Hawk cruise 5, station 7) than at the other stations for that cruIse.

The surface temperatures for this January cruise (fig. 81) are also instructive as
an illustration of the gradation from lowest readings of 0.5 ° to 2.5 0, close in to the
shore, to warmer water (4° to 5°) in the center of the bay, characteristic of the
season. A reading of 2.78° a mile off the mouth of Gloucester Harbor .on this same
date shows that the coldest band was continuous right around the coast line of the
bay, as it had been the month before (p. 650).

Probably the mouth of the bay, generally, and the open basin in its offing are
usually about 5° to 5.5° in temperature at the second week of January at all depths,
judging from readings of 5.3° to 5.6°, surface to bottom, in 70 meters off Gloucester
on the 16th of the month in 1913 (station 10050).

On January 6 and 7, 1925, the surface (fig. 81) was slightly cooler than the bot
tom at the four stations in the central part of Massachusetts Bay (Fish Hawk cruise
5, stations 19, 18, 2, and 4) and in the eastern side of Cape Cod Bay (station 6),
fractionally warmer than the bottom in the southern part of the latter and along the
Plymouth shore. Nor is the cause for this slight regional difference clear, for most of
the stations of the second group, as well as of the first, were occupied on the ebb tide.

On January 9, 1920, Gloucester Harbor was between 0° and 1° (fig. 29), Booth
bay Harbor fractionally colder than 0° (fig. 30), and Lubec Narrows about 0° (fig.
31), showing that the temperature falls about equally fast in such situations all
around the western and northern shores of the gulf in spite of the difference in lati
tude.47 The water is also about as cold at Woods Hole at this season (Sumner,
Osburn, and Cole, 1913; Fish, 1925).

Massachusetts Bay is coldest during the first half of February; and this prob
ably applies to the gulf as a whole. The precise date when the temperature fell to
its minimum can not be stated for any of the years of record (no doubt this varies
from year to year, as well as regionally), but the readings taken in the bay on
February 6 and 7, 1925 (Fish Hawk cruise 6), were close to the coldest for that
particular winter.

On this date the surface of the southern side of the bay. (mean temperature
about 0.75°) averaged about 2° colder than it had on January 6 and 7, though the
regional distribution of temperature (fig. 82) continued reminiscent of the late December

"The mean temperature or the air had been below normll1at Boston on every day save three since Dec. 19.
"Gloucester Harbor, 42° 35' N; Lubec Narrows, 44° 49' N.
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'l-.O!::::~~------+~~------:h--------±;----~--1--.---J30'

FiG; ~l.-SurtacetemPeraturli of the southern side of MilSslohOsetts Bay, January 6 and 7. 1925, .
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FIG. 82.-Snrlaco temperatUre (solid curves)' and minimum teIl1peratutll {broken curves) dt the southern side ofM~
chusetts Bay. :February (land 7, 192/i
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state, with two distinct cold centers-the one along shore between BostoIi. Harbor
and Plymouth (~0.5° to 0°), the other in the southeastern part of Cape Cod Bay.
These very low temperatures in the southeastern part of Cape Cod Bay and e,long
the Marshfield-Plymouth shore «0°) are colder than any previously recorded for
the open waters of the Gulf of Maine. However, judging from the fact that the mean
temperature of the air had been close to normal during the preceding month, and
the snowfall unusually light, these parts of the bay may be expected to chill to as low
a figure as this during most winters.

Probably the northern side of the bay is never as cold as its southern part is in
February, for on February 7,1925, the temperature was 1.670 only a mile out from
the mouth of Gloucester Harbor, though-lower (-0.560

) within the latter; and

I
I

I
/

STa.Tions

o

2..0°--.::::------------.::-_--- ,.-__ ,fI/5

501-------------:..:.~~-------+----.,..----;

60I-_~ _...:L ~~---.----__i

70 1_-----_---------------~~~~~~~~3;.,;/OJ
FIG. sa.-Temperature profile running from the Marsbtleld shore out Into Mll888Cbusetts Bay, lanuary 6 and 7,2925 (FWi

HaWk stations 2 and 15)

readings of 2.830 on the surface and 3.110 at 82 meters 7 miles off Gloucester on
February 13, 1913 (station 10053), are probably normal for the mouth of the bay at
this date. .

The mid-level proved colder than either the surface or the bottom in Massachu
setts Bay on February 6 and 7, 1925, at 12 out of the 15stations (fig. 82). A.t the
same time the c.oldest stra.tum lay at a depth .of 30 to 35 meters at the offshore
line (Fish Hawk crujse 6, stations 19, 18,2, and 4) .but within 10. to 15 meters of the
surface near the Plymouth-Marshfield shore.

Profiles running out from the land off Marshfield for January 6 and 7 (fig. 83)
and for February 6 and 7 (fig. 84) show a very interesting succession, with the
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water that had been cooled near shore moving out from the land and· at the same
time sinking, to develop a shelflike intrusion into the warmer water of the center of
the bay. The profiles also suggest that the coldest water was produced even closer
in to the coast line than the innermost of the two stations,and that the whole column
was colder than 0° next this sector of the coast at about the end of January, down
to a depth of 10 to 15 meters.

In 1925 the southern side of Massachusetts Bay had experienced its mini,.
mum temperature for the winter and had commenced to warm again by the lll.St
week in February, when the mean temperature of the surface (1.65°) was nearly 1°
higher than it had been two weeks earlier, with a corresponding rise in meanbottottl

15 STa.Tions
O 2.

2..05 ':...---r-----'------r--------,------..,.-f.05

lol----,,....-,;--+------------,f----------j--------r------j

FIG. 84.-Temperature proftl~rUll1l1ng trom the Marshtleld shore out into Massachusetts Bay, February 6,7, and 27,1926.
The broken curve is the isotherm tor 2° on February 24

temperature from 0.95° to 1.68°. On the 24th the whole surface of the bay was
close to 2° in temperature, a regional uniformity illustrated by readings of 2.2° a mile
or two off Gloucester, in the one side of the bay, with 2° to 2.1° in the central parts
and 2.3° near Provincetown (station 5) in the other side. The offshore drift of water,
chilled next the Plymouth shore, had also slackened, if not entirely ceased (fig. 84).

The vertical distribution of temperature off Provincetown (Fish Hawk station 5)
on February 24 is interesting because the bottom reading was the highest (2.34°)
recorded for any level at any of these late February stations. A 40-meter salinity
of about 33 per mille at 40 meters there, contrasted with 32.7 to 32.8 per mille in the
central part of the bay, shows that some inflow through the bottom of the channel
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that separates:Cape. Oodfrom StellwagenHank· was responsible for this unexpected
warmth of the bottom water at the tip oithe cape. '

The facts thattheinshOr~rstationsforthe last week of February were,slightly
warmer at all levels than they had been three weeks previous, and that the water
was slightly warmer inside Gloucester Harbor (2.78°) than a. mile or two off the
mouth (2.2°), instead of the reverse, are sufficient evidence that the coastal belt had
begun to gain heat from the sun faster'than it was losing heat by: radiation from its
surface; .This gain"was not yet rapid enough, however,to have produced any general
differentiation iIi temperatUre between surfaceand;underlying wate!" in the moderate
d~ths'of Masslichusetts:Bay; and periods ofseverely cold weather may be expected to
cause temporary reversals during the first weeks. In fact, a setback of this sort seems

Ta;mf'~~"t~
o 1 t

10 H-t+f--t'-H--H-+-JI:++-+t++t-H+1I-HH-H-++I-H--1++-H

20 H-++++-H-+:tf+++++++f-H""""H-'H1-H-Ht-+++++-H

30 t--t-:t-t-+-+++++++++++-+-t-H~c-HH-H-H-+-++++-H

40H-+++t-HH-t-TT++-t-l-H-H++t-H"-t"-H-+++I-+-H--H

60 H-++++++-H-HH-H-++++-+Lt-H-t-r+-+-++++++-t--H

60 H-t+t+t+t+t+t+t+t+t-+:J9I.I:N-t+t+t+HYA-H

:FIG. 85.-:Temperature attb,ree representative ~tatiOJls (~;10, lind 18 'tolsAfin the southern side
of MassaChusetts Bay on JanuarY 6 and 7, 1925 (solid Curves); and on February 6 and 7

•. f (tlrok~n cU\"ves), to ~h?w change ,in one II\onth

to; have occurred-between ~he 25th and 27th of that.February, because the FiskHawk
Qnce·more found the water off tbeIJ;louth of Plymouth Harbor Qoldest at the surface
on the .latter dtlite,after threeJitliys of ~yere cold accompanied by a northwest gale
Thus, i}le shoals seem"Wha:v'f3 acted,tlis a temporary center for cooling there, as
might be· expected. ,

The winter of 1912-13 .see:m~ toh,.,ve h~naboutascoolas 1Q2:t-25 in Massachu
~tts.Bay, minimum. temperaturessU,glltly. h.igher:(2.8° ·at sqrfae,e, and.. at1l:6 meters,
3.H? at 82 ,meters; February 13jlQ13).,~i:ngasso()iat~d.with.,thed!ituationof the
standard station well out in themouth~f,.thel,~Yi "February,1921, was measur
ably warmer, with 3.30 at the surface, 3.52° at 20 meters, and 3.63° at 40 meters 1~"
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miles off Gloucester Harbor on the 9th (p. 994), where the Iilurface rea4ing was 1.67°
on the 6th in 1925., After. thealmpst Arctic February of 1920, tbe 4lbatrQ~8{Qund
the surface about 1.1° on March 1 on the run from Boston out to sta.tion.20Q50 at
the mouth of the bay, and the open gulf correspondingly low in temperature, as
described. above (p. 522),48

It is alspprobable that the temperature of the water did not begin to rise in
1920 until after the first of March, instead of gaiwng heat from the middle of·Feb
ruary, as happened in 1913 and in. 1925i but rising temperatures may be expected
in Massachusetts Bay by the last of February in all but the tardiest Seasons.

It would be interesting to compare the midwinter temperature of Massachusetts
Bay with that of the Bay of Fundy in the opposite side of the gulf. Unfortunately,
the winter data so far available do not sufficiently establish the relationship between
the two regions because they are for different. years, except that there is no great
difference between them at the coldest season.

Massachusetts Bay
Feb. 6 arid 7, 1925

Depth

Feb. 13, F1~~77,
1---,---1 1913. off Bay or

Fish Fish C:;0tltes•. Fundy
Hawk Hawk tio~l~5a (Mavor,
Stfifn Station 2 1923)

---~----'-------------------II--- ----------
0Q 0Q 0Q o~Surface _. • ._. ._•••• • • .___ 2. 00 2. 00 2. 83 1.46

ao meters • •• • • ••_" ._. •• • 1.99

ir:;e~~:e...~_::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::_::::::::::::: _. ~:~~ .~:~~_ -----2:78- ::::::::::
IiO meters "••"_.. • .c •__ •• •.• __• ._._. ••_•• • ••_. •__• ._._._ 2.44
M-68 meterS .. •__•••••• •••••• .- •• • • ••_ 2.00 3. 10 •• ~ •__•__~ _
76 meters __• •• ••• •• ._.__._•• • ._. •__• • • ._.__• • ._._ 3.12
83 meters • • ._•• " • ._. ._ • • ._______ 3. 11 ••_. _

Passamaquoddy Bay, tributary to the Bay of Fundy, seems also to correspond
closely to Cape Cod Bay in minimum temperature, its inclosed situation so exposing
it to climatic chilling that its surface falls close to the freezing point. Thus, Doctor
McMurrich's notes (p. 513) record a temperature of about -1.7° at St. Andrews
from February 16 to March 3 in the very cold winter of 1916, compared with a
minimum of -1.55° in Cape Cod Bay on February 6 and 7 of the more moderate
season of 1925 (Fish Hawk cruise 6, station 6A). Willey (1921) also records -0.77°
at 20 meters depth in Passamaquoddy Bay on February 23 1917, which is about the
expectation for Boston Harbor and probably for the inner parts of Casco Bay and
of Penobscot Bay.

Neither is the difference of latitude between the Bay of Fundy and Massachu
setts Bay accompanied by more than a week's difference, or so, between the dates
when vernal warming becomes effective in the two regions. Thus, the trough of the
Bay of Fundy commenced t.o warm about the first of March in 1917 (Mavor, 1923),
and while Doctor McMurrich's plankton notes for· St. Andrews do not show a rise
in temperature until the end of that month in 1916, this was even a more tardy
spring than 1920.

"The surface of Massachusetts Bay Is recorded as 3.3° on Feb. 24,1920 (Bureau of Fisheries Document No. 897, p. 183); but
this Is simply the quartermaster's record.
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During the winter of 1~n9-20 the water of Gloucester Harbor (fig. 29) chilled
to about -1.5° and was colder than 0° from about January 12 to March 20; Booth
bay Harbor (fig. 30) chilled nearly to - 2° and was below 0° from January 5 to March
5; Lubec NaITOWS (fig.31), where tidal mixture with the water outside is more active,
chilled to about the same temperature as Gloucester and was colder than zero
fora slightly longer period-January 5 toMarch 20. In such situations, then, the
strength of the tides and the frequency with which the water is renewed from out
side govern the minimum to which the temperature 'drops in winter more than the
latitude does.

THERMAL SUMMARIES

Summaries of the thermal cyles for the following representative localities are
given: (1) Mouth of Massachusetts Bay, off Gloucester; (2)' the Fundy Deep,
between Grand Manan and Nova Scotia; (3) near Mount Desert Island; and (4)
the western side of the basin of the gulf in the offing of Cape Ann.

1. MOUTH OF MASSACHUSETTS BAY, OFF GLOUCESTER

Temperatures at various dates, to 0.1°, some by direct observation and others by interpolation

Depth
M 1 M 4 Apr. 7, Ap 3

ar., ar., Mar. 19, 1925, Fish r.,
1920 1913 1924 Hawk 1913

20050 10054 station31 10055

Apr. 9,
1920

20090

May 4,
1920

20120

--:",--~~--~~~~----I'--------, -. -,-,-,-----------
Surface '_" c _
20 meters c • _
40 meters c ' _
70 meters __c •••• .: • _
100 meters _c. ; " • • • •

2.5 2.9 2.2 4.1 4.1
L9 2.9 Lll L4 4.1
L9 LO L8 LO' 4.0
L7 L4 L8 2.8 ~O1.5 • • _

3.3 6.'
2. 5 4.7
2.4 4.3
2.4 2.72,,3 __••• _

Depth
May 4, May 16, May 26,
, 1915 1920' 1915

10266 20124 10279

June 16
17,1925

Fish
Hawk

station 31

July 10, July Ill, Aug. 9,
1912 1916 1913

10341 ,10341 10087

----------------1---1-'--------------'-----
~wt~~e;s::::::::::::::::::::::::::::::::::::::::~:::::
~::::::::::::::::::::::::::::::::::::::::::::::::100 !Deters _. ._•• ._. "__•__•• •• •__

•6.1
4.0
3.6
3.6
3.6

9.7 10.0 12.11
5.1 7.2 5.5
2.9 1l.2 4.0
2.8 3.8 3.62.7 • ~__•

18. 3
9.0
6.6
4.6
4.6

16.4
6.0
4.1
3.7

16. 7
10.4
6.7
6.3
3.2

Depth A~il~' ~~~,.. :A~22, Attfil1
, :Spfidll,Ofiil' O~~if'

__-'- ,' 102_63__1003_2 10633_,__10306 103_20__10_32_4 10_33_11-

~:!~-::::::::::::::::::::::::::::::::::::::::::::
i&~~s"::::::::::::::::::::::::::::::::::::::::::::

18. 9 18. 00 18. 7
12.0 11.10 ,', 12.3
6.5 7.40 7.05.3 4. 70 _
4. 6 • -- _

16.1
12. 0
8.3
6.7
6.0

10.:1 10.8,10.0 •n ·-·----7~i
7.1

Depth
Oct. 31, Nov. 20, Dec. 4, Dec. 23, Dec. 29,

1916 1912 1912 1912 1920
10399 10047 10048 10049 10489

Jan. 16,
1913
10050'

Feb. 9,
1921

10504

Feb. 13,
11113
10053

--~----------I---+--- ------------------
Surface _. • _
20 meters •. • _
40 meters • "••• _
70 meters ••• ."-.------__
100 meters • •• ._•. _

mo ~2 8.1 6.9
~6 ~O ~8 6.9
8.2 ~O ~8 6.96. 1 ••__ 7.8 6.95. 4 __~ • _

5.6 1l.4, L3 2.8
6.0 5.4 3.5 2.8
6.9 5.,3 3.6 2.86. 9 5. 6 .___ L 0
7.0 ._•• ----.__
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In this region (fig, 86) the most obvious seasonal change :is:the 'V'~~;'T8.pia
warming of the surface, which takes place from the end of the winter until about
the end of July, resulting (on the average) ina rise of nearly 17°,Aftertheftrst
month or so of -vernal warming (March to April), during' which the whole colul'n.il
warms nearly uniformly, the rate at which the temperature rises becomes invergely

, proportional t~ the depth; and it so continues throughout the spring and summer,
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FIG. 86.-Composlte diagram of the normal seasonal variation of temperature at the month of M;a88acbusetts Day, oJ!

G1\lucester, at the surface, 20 meters, 40 meters, 70 meters, and 100 meters. The curves are smoothed. The station
for August 9, 1923, Is omitted because the water between the 20 and 150 meter levels was much colder that summer
than usual, after 8n unusually cold winter

primarily because the sour~e of heat is from above' and secondarily because the ver
tieal circulation is not sufficiently active to prevent a constant increase in vertical
stability as the upper strata becomes warmer and warmer. The steadily widening
spread between the curves for the surface and for the 20-meter level thus mirrors
increasing stability, The result of this partial insulation of the deeper strata from
the penetration of heat from above is that the maximum temperature for the year is
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reached later and later in tlle season,;at greaterand greater deptJas, with the water
continuing towarm at any given leyelulltil the autumnal cooling of tlle surface
brings the teIllperature o.fthe .overlying maflfl.dqw:nnearlyas low. Thus, the; sur
face is warmest in ~ugu,st, the20~Inetef lev~l apout the fir!?tweek of September, ~he

40...meter leveln()t until Ootober,and the70-xneterlevel i:n November, while tb.e 100
meter temperature probably does not. reach the maximum for the year until the first
paJ:kofDecember. This has the interesting biologic complement that while any
animal living in the littoral zone, or pelagic close to the surface, encounters the
highest temperature while the solar illumination has fallen but little from its maxi
mum intensity, for inhabitants ofthe<ie~pW:l1terin70to 100 meters the summer,
as measured by temperature, falls when the illuminatiop by the sun is nearing its mini
mum for the year.

Sometime in July the warming of the surface suddenly slowsdown as the sun's
declination falls lower and lower; but the cooling that takes place during September
no doubt is due more to vertical mixing than to the loss of heat by radiation from
the water, because the mean temperature of the air does not fall below that of the
surface until about the middle or end of October (p. 671) . The two chilling agencies
that affect the surface of the Massachusetts Bay region-i. e., the constantly lower
ing temperature of the air and the incessant tidal stirring that becomes more and
more active as the stability of the water decreases-make the whole column vir
tually homogeneous in temperature (about gO) down to 100 meters depth ,by the
beginning of winter. From that date on we have never found the surface differing
by' more than· 2.5° in tempe:raturefrom the bottom in any part of Massachusetts
Bay until March; and in depths of 70 meters, or deeper, the bottom water is usually
slightly warmer than·.the superficial stratum from the last.half of December until
the middle of February, with the winter minimum for the whole colurnn. usually fall
ing between 2° and 3°. At the mouth of the bay, 7 to 12 miles off Gloucester, the
temperature is at its minimum about the middle of February in most years.

2. BAY OF FUNDY

The graph for Massachusetts Bay illustrates the thermal cycle for the coastal
zon.e of the gulf where least stirred, vertically, by the tides; that for the Bay of
Fun<iy shows the opposite extreme. Corresppndillg to this 'difference in circulation
under the influence of a much more severe winter climate and a somewhat cooler sum
mer in the atmosphere, the graph of annual temperature in the Bay of Fundy (fig. 87)
shows a vertical range of only about 5° in the upper 100 meters in summer, contrast
ing with 14° in Massachusetts Bay. Similarly, the annual range of surface temper
ture is only about 10°; 17° or 18°. at the mouth of Massachusetts Bay. Atl00
meters, however, the annual range (approximately 5°) is about the same for the two
localities. Although the Bay of Fundy is much less stratified, with regard to tem
perature, than is Massachusetts Bay during the warm months, it is more so during
the winter, with the surface 1° to 1.5° colder than the 100-meter level between the
dates when the whole column becoxnes homogeneous in temperature in autumn and
again in early spring.

In normal years the surface of the Bay of Fundy reaches its highest tempera
ture in August or early September (slightly Ill,ter than. thli\ date when the surface of
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maximum for the year only a month or so later than the surface, instead of about 2
months later. The autumnal equalization of temperature also takes place by the
firstweelr of October near MOl1ntDesert; a. month earlier than in the deep part of
the Ba.y of Fundy (fig. 87) but only a week or two earlier than in Ma.ssachusetts
Bay (fig. 86).

4. WESTERN SIDE· OF THE BASIN

Probably the western.arm of thEl basin (fig.89) is less $ubject to. tidal stirring in
its upper stratathan anY-other part of the gulf.. Therefore, it is not surprising to
find the seasonal rise and fall of temperature,of its superficial stratum (surface 00"0
meters) closely reproducing that of MassachusettS Bay, except that the temperature
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does not fall quite as low in winter, being far,ther offshore., The date when the tem;;'
pera.ture rises to its maximum for the yea.ris also about the same;herelasin the bay.,.......
mid-August for the surface, late August or early September for the 20-meter level
but in 1920 this part of the basin was not coldest until about the last week in March,
whereas the surface in the neighborhood of Glo,ucester had begun to warm by the
end of February,a ,difference corresponding to'thedifferencein location (p! 694),
Vernal warming is also, geherallypa;rallel at these two locations down to the 40-meter
level; but it can readily be appreciated that ariyupwelling of the much colder bot
tom water at any time from. June to October would interrupt the orderly progressioJ;l
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FIG. 88.-0omposlte diagram of the normal seasODsI'varistlons oftetll~ture'nellr Mount Desert ISland, at the surface,
20 meters, and 40 meters, from data for th~ rears 19111, 1920, 19111, and 19113.. .The curves are smootlied

of' the 40..metertemperature, and it is probable.' tha~ the very low 40-meter reading,
record~d,off Cape Cod JorAugust 22, 1914 ,(station 10254, 5.75°) is to be aQcounted
for on this basis.: , ,Lacking data fodate September or early October, .1 cannot defi~

nitely state whether the 40-meter level of this side of the basin warms .to. its annual
maximum at about the same datell;s'in Massachusetts Bay (September).

The a:rnpHtude of the seasonal yariation in temperatureis nearly the same in the
superficial stratum of' the basin off the m,outh of 'Massachusetts Bay aft within the
latter- i. e., a range ofabout 170 to 'i9'l f:ro'msunini~rto.winter at the stlrface,about'
10° to 1.1° a't 20 meters/and about 7° 't6' gOat 40" imit(jfs: Unfortunately the only
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autumnal data for the deeper levels (100 and 150 meters) w;erefor,O<;tobE»'and
November of the very cold year 1916, when ,these underlying strata certainly had not
warmed to the temperature usual for the date, although the superficial strata had
(p. 642 ); but warming is probably to be expected here at 100 metersuntilaome
time in December. However, no rule can be laid down for depths greater than 100
to 150 meters in the basin. Thus, the lowest temperature So far recorded in the
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FIG. 89.-Normal seasonal variations in temperature at the surface, 20 meters, and WO meters in the west·
em side of the baSin of the gulf, in the offing of Cape Ann, combined from the dab'far the lS6yeral
years and months. The curves are Slllooth\ld

western side of the basin at 150 meters was formidsuInmer ,(1912) instead of at the
end of the winter, as is the case off Gloucester only 30'lliilesto the westward. This'
lack of conformity between the season of the year andthe,temperature is still more
notable at 200 meters, for which level the lowest as well as the highest temperatures
for this locality have been recorded in summer, the latter (6.3° and 6.8°) in August,
1914 and 1915, and the former (4.61°) on July 15, 1912.
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RELATIONSHIP BETWEEN THE TEMPERATURE OF THE SURFACE
AND OF THE AIR·

The daily air and surface temperatures for Gloucester, Boothbay, and Lubec for
the year 1919-20 (figs. 29 to 31) show the air constantly warmer than the water
along the western and northern shores of the gulf from the middle of that March
until late in October, a difference averaging greatest from some time in June until
the last half of August. During the summer the 10-day averages for air and water
frequently differ by 4Q C.-occasionally by as much as 7Q-and very hot days would
show a still wider divergence.

The 10-day averages for air and water recorded by Rathbun (1887) for the
years 1881 to 1885 are of the same tenure at the following lighthouses: Thatchers
Island, Boon Island, Seguin Island, Matinicus Rock, Mount Desert Rock, and
Petit Manan, with air averaging warmer than water after the first half of March.
At Eastport, too, the Signal Service of the United States Army found the mean tem
perature of the air higher than that of the water after March 21 for the 10-year
period, 1878 to 1887 (Moore, 1898, p. 409).

In 1920 the Albatross 49 found the air averaging about 1.7Q colder than the water
across Georges Bank during the night of February 22-23 and up to 1 p. :tn. of Febru
ary 23, but the average difference between air and water was only 0.7 Q (day and
night) on the run in from the bank to Massachusetts Bay on that date, with air and
water temperatures precisely alike in Massachusetts Bay.

On March 2 to 4 (stations 10252 to 10260) in that year the surface of the cen
tral parts of the gulf (stations 20052, 20053, and 20054) still continued warmer than
the air up to March 2 to 4 (average difference about 1.5Q C.) ; but the air had warmed
so fast over the land that the air readings for the coastal sector between Penobscot
Bay and the inner part of Massachusetts Bay (stations 20055 to 20062) were con
sistently 1.1 Q to 5.6Q higher than the surface readings by that date, night as well as
day, averaging about 3.5Q warmer.

This regional difference between the coastwise belt and the water farther out at
sea had disappeared by the lOth to 11th of March, when the Albatross ran out from
Boston to the southeastern part of the basin (station 20064), the air now being con
stantly warmer than the surface over the 24-hour period, 1 p. m. to 1 p. m. From
that date on the hourly readings showed the air invariably warmer than the water,
except on March 20, when we ran along the west coast of Nova Scotia to St. Marys
Bay in a southeast storm with snow squalls.

Apart, then,from extrelIlesof weather, the air averages warmer than the surface
of the gulf from about March 10 on, though the precise date when this state is estab
lished varies flOmyearto year and falls a week or more sooner near land than out
in the c~tral par~ of the grllf.· .

•• HourJY1emperat11rlla, United States Bureau of Fisheries' (1921, p. 183).
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General locality Sta~lon Date Time

,AmOUnt
bywbich
:alrv88 '
warmer

than

VWf:'

8g~f:a~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: '
gg f:f:l~n¥i'8y::::::::::::::::::::::::::::::::::::::::::::ecce:::::::::::::Oft Isles of Shoals . .' '
Platts Bank~ ~c."C_~" Cc ._c ._.~ • c _
Near Cape Elizabeth • •• .-_. _

gg ~~~s~la:~y::::::::::::::::::::::::::::::::::::::::::::ecce:::::::::::!rw Mooot Desert Rock -' • ~__ _' _'

~1:li;~,~fl~~e~~~a~~::::::::::::::::::::::::::::::::~:::::ecce:::::::::Do __._._. • • _
eft· Yannouth, Nova Scotla~._c. •• c c-' .'. _
German Bank _
Oft 8eal ISland

i
Nova Scotia •• ccc _

~~~nsC~~~k~_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::Eastern Channel . • . _
East edge of Goarges Bank ~ · ---.-~-. _
8out~east slope of Georges Bank .----------------.------Bast part of Georges Bank . _

Do • _
Southeast part of basin --- ~ ~ • " c__~
Center of basin • ••_
Near Cashes Ledge • __• __ ~ •• c__c • '_, _
Basin oft Cape Ann .- • ,--~-----.-------.-.-----.----Oft Cape Cod " , , .._..

Do ._

~:~~1~:sacIiiisetts-if;y::::::::::::::::::::::::::::::::::::::::::::::::

20089 Apr. 6 3 p. ni. . _
2OOllO Apr. 9 10.16 a. In. _c _
20091 do____ 1.50 p. m. .-

'2OOll2 do __'c_, ,5 p.m. _'_
20093 do 10.30 p. m. •
20004' Apr. 10 ..,3'~ m. _' c,
20095 do '8 a. m. _
2OOll6' ~__do ••__ 12.~ p. m. _
20007 do 11 p. m. -------
2OOll8 Apr. 11· :. p.m. ~ •
20099 AJlr. 12 1 p. m. .--
00100 _'.._"0 __'.... , ••30 p. m.• _
20101 do 9.30 p. m. • _
00102 .Apr. 13 2.15 a. m. ~~_

20103 Apr. 15 1 p. m.. • _
20104 __~do.__'~'6 p. tn. ~ _
20105 • __do 9.15 p. m. _
20106 Apr. 1&]2.20 a. m. _'_
20107., do 4.358. m. _
,20108 _~_do _'-_8.50 a. m. _
20109 do _--- 5 p. m. •
201IO __.dll_c__ 8.30 p. m. ~_

20111 Apr. 17 1.15 a. m. ._
2Oll2 do 5.35 a. m.'" ._
20lla .._do 1 p. m.. _
2Oll4 do • __~ 8 p. m •• _
2Oll5 Apr. 18 3.iO p. m. _
20116, do , 9.55 8; m. _
20117 do Ip. m. • _
20118 Apr. 20 10;50 a. m. • _
2Oll9, _••do 8.20 p. m. _

6.6
1.0
6..7
2.11
.8

1.1
1.9
11.4
1.0
3.6
6.3
3.11
3.6
3.9
6.7
4.7
4.1
3.5
5.5
6.4
5.8
'6.1
3.6

, • '7
3.8
3;3
2.0
3.0
4.6
8;3
6.9

, The air averaged about 5° W6fmer than the wat,er in Masf;lach~settsBay,alo~g
qape Cod, and out across Georges Bank to the'coQ.~entaledge Qy:.:MIloY 16 to 17;
1920 (run from station 20123to,stat~on,20129h:with, t~difference.gre~tes;t,(100)
hi Ma$sachusetts Bayfx:omlO a,.IJl. ,to Ip.ni.,1east (1.4°) ,Q.t 9 p.Ol., but increas
ingagain to4° to 5.5° over G~()rges Bank du.ring t4e daylight hQurs of the next day.

'. In any pax:tially inclosed body' of w~ter,such as the Gulf of Maine, where the
wind may blow either oU,t from the land over the water ox:in from the open sea, the
relation of water to air temperature. depends largely on the strength and direction
of the wind at any particular moment. For ~stance, the. Halcyon recorded an ,air,
teID.perature of 23.3° C. and surface reading of 14.44°while,fish~onPlatts Bank
~nJ,uly27, 1924, at 5 a. m. in aflat calm; butsl::wrtlyafterward a breeze coming in
from the, south-from the open sea__lowered the temperature o.f the air to 15.6°, with
,j..,.... .. .... '" ...... .. " " .... - .. ..

flO change in the water. On tp,ewhole,however", the differep.ce between air and water
during tpe part of.the year when the air is.the warm~r certa:inly rules, greatest by
day, when ,the sun's heat pours down, and least by pigh.t. For instance, the air was
Sci, to'4,O warmer t4an the water froIJl7a~m. to 5 p. ';tIl. on, the, ,run out to tp,e.basin
off Cape Ann on July 15 to '16, 1912, and only about .L5° to 2° wa~IJler than the
water from 9 p. m. to 1 a. m. ' , ., .

8951-28--43
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The hourly temperatures takeIi'on'ou:rsummer cruises ha'V8 not yet been stud
ied in detail, but preliminary examination shows that the spread between air and
water continues of about this same order of magnitude over the open gulf from May
until July, averaging about 0.3° to 5°.,

Usually we have found the air at least 2° but seldom as much as 4° warmer
than the water of the open gulf in August and September by day. This accords
with Craigie and Chase's (1918, p. 130) and with Craigie's (191680) records of air 2.2°
to 6.24° warmer thansudace over the Bay of Fundy generally during July, 1915, and
air 2° to 3.8° warmer than water along a section of the bay from Grand Manan to
Nova Scotia on August 27 to 29,1914. Mavor's (1923) experience was also similar.
(No night time records have been published for the Bay of Fundy.)

The only regional distinctions that I dare draw in this respect for the open gulf
until the very considerable mass of material is more carefully analyzed, is that the
difi'erence between daytime temperatures of the air and of the water averages great
est near the shore,as was to be expected.

It is common knowledge that the air along our seaboard is often much warmer
than the water' that actually washes the coast during the warmest part of the sum
mer. Thus,we find the air averaging 6° to 7° warmer than the water at Boothbay
and Gloucester and in Lubec Channel about July 25, 1920 (figs. 29 to 31), with
differences as wide as 10° C. (I8° F.) on individual hot days.

Vachon (1918), too, found differences as great as 10° to 12° between the
temperatures of air and water in Passamaquoddy Bay on individual days in July,
August,and September, whereas the maximum difference between air and surface
so far recorded for the open Bay of Fundy is only 7.34°; ~.3° for the Gulf of
Maine outside the outer headlands (on August 16, 1912). The mean difference
between air and surface temperatures for the Gulf of Maine as a whole will
probably be found to fall between 2° and 5° for the summer.

We have occasiomdlyfound the surface slightly warmer than the air as early
as the first week in August. In 1912, for example, the Gramp'U8, running offshore
from" Cape Elizabeth in a flat calm and bright sun on August 7 and 8, found the
water fractionally colder than the air early in the day, 1° to 1.5° warmer than the
air froIn noon to 2 p. m., once more slightly colder than the air from 3 to 9 p. m..
aJld t.hen again fractionally warmer than the latter from lOp. m. until 1 a. m.

A period is next to be expected when the air will be cooler than the water
during some of the nights, though still warming by- day to a temperature higher
than that of the water, presaging the date (sometime in October) when the mean
temperature of the air falls permanently below that of the surface of the gulf, so
to continue throughout the winter. The following table of hourly differences will
illustrate this for one 24-hour period (August 15, 1 a. m.,to August 16,1 a. m.),
during which the Grampus ran eastward'from the vicinity of Mount Desert Rock
toward the Grand Manan Channel.
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[- slgnllles that the air wils colder, + that It was the warriJ.et)
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i;~tI5:1a,m. • •

to. i ~ ::::::::::::::::::::::::::::::::::::::::::::::

(;C. : :::::::::::::::::::::::i:::::::::::::::::::::::6a.m. __• _
():.'; 7 fl.JIl._ .......~... ~_ .. _........ ~_.;'I" ...~ ._.. ;.. ... __ ..;_ ......'_~.-.... -.,;. 8a.m.•__• • • • • -- _
ifl ':.9 s.m. •__• ~" ..._. __•. •_. •_._

10 a.m. __ • •. _. • • _
11 a.m.. ." •• •__ ••__

!,'1 I2p~~n_:::::::::::_.::::::::::::::::::::::::=::

,.r, Hour Ditter· ./
ence

+2.8
+1,7
+1.1
+1.7
-0.6
-0.6

, +0.6
+1.1
+2.8
+2.8
+2.8
+3.3
+6.0'

Hour

August 15-()ontinued. .. . ,2 p.m. • •__._.__ ...._._. _
3 p.m. ----_- • ._---
(p.m. ._.. ,.~ __ •__• ._•• ~. __
5 p.m. •__
6 p,m.• • • c • __ ~__ "__c. _
7. p,m. , • • _
8p.ln. • , __-,- • •• .._•.•_.'-
9 p.m. • • • • ._.
10 p.m. • • • ._.-'"•• -'_.
11 p.m.• • • • _
12 midnlght_ •• ._- •••:...., ..~__

August 16: 1 a.m. •__ . • _

.Dlfter·
eD.C6t

+MI
+3.9
+(.(
+2.2
+12
+2.2
+2.2
-1.1
--1.7
-1.7

0.1)
0.0

It is to be noted that while the air temperature did not' fall below that of the
water until between 3 and 4 a. m.on the first night, this happened at9 p. m. on
the second.

In 1920 the air averaged colder than the water in the harbors of Gloucester,
'Boothbay, .and Lubec after about the middle of October. According to the temper
'attires collected by Rathbun (1887), the surface was colder than 'the air at the
several lighthouses after the following approximate dates ofT881 to 1883:
·'r; .

Locality Year Date

~olloek Rip • _

'ibat~hers Island -' • ."----~-- _

r ." _
,Boon Island ------- ...-.- -----••----------------.---- ----.----- .------------.----

"auln Island_.~••• ._••• ••__ ••••----.- --.-., ••-••_---.----.--_. - ~__

lIadnlcus Rock _. •__•• • • • • • •__ • _

!Mount'Desert Rockc:. •• •••__._. • • • .c. ~

~~tlt;Manan __• --- • •---------. -.---••---- ---- ~ •__

1882 After Nov. 16.
1883 After Nov•. 1.

'1881. ArterNov.8.
. ~~1.: ,Between Nov. 11 and 16•
...., After·Oct. 31).
1882 After Nov. 1.
1883 After Nov;~.
1881 After Nov. 1.
1882. After OCt. 25.
1883 Nov. 1 to 6.
1881 After Oct. 17.
1882 After Oct. 25.
1883 Nov. 1 to 6.
1881 After Nov. 16, but with reveraa1s.
1882 After Nov. 16.
1883 After Nov. 6.
1881 A(ter, Nov. S.
1882 After Oct. 22.
1883 Arter Nov. 26.

Thus the water in the coastal belt is constantly warmer than the air after the
{astweek of October or the first week in November. From that time on the differ
ence between air and water increases until the middle of January, when the air
'averages about as much colder than the water as it is warmer in summer (illustrated
'by-the 10-day averages for Gloucester, Boothbay, and Lubec, figs. 29 to 31). During
.periods of extreme cold, such as come to New England and to the Maritime Prov
mees almost every winter, the spread between air and surface temperatures is even
met than the spread or the reverse. order in sutllmer. At Lubec, for example,ih&
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air averaged 10° the colder for 10 days in January,go the cOlder at Boothbay, and
it may be more than 20° colder thStn the water in the westero side of the gulf on the
coldest days. Thus, on December 21, 1924, when the mean surface temperature of
tl1e southern side of Massachussetts Bay was about 4.3° (p. 650), the air temperature
was -18° C. at Boston (p. 650). As another example I may cite Debember 17, 1919,
when the air temperature was about -21.5° C. at Lubec (7° below zero F.), the
temperature of the surface water behIg 0°. .....'

In the winter of 1919-20 (a cold. year) the air temperature averaged about 3.10
colder than the surface at Gloucester from December 2 to March 1 and about 5°
colder than the water at Lubec. At Eastport the United States Army Signal Service
found the mean water temperature to average about 6.6° warmer than that of the
air for the period December to February during the 10 years 1878 to 1887.

The temperatures collected by Rathbun at lighthouses a.rid lightships do no~

cover the months of January or February, and his statement (Rathbun, 1887,p.
166) that the reason for this omission is "the manifest. errors of observation some
times made during extremely cold weather~' makes it doubtful how close an apP:fOX
imation to the truth is given by his averages for the last half of December. Conse
quently, it is necessary to turn to the observations taken on the Halcyon ,during
December toJanuary, 1920-21, for the relationship between the air and surface teUlf'
peratures for the open gulf in midwinterj nor .do these fairly represent its out~

waters, all having been taken within 3000 40 miles of land.
These Halcyon stations show the air 4.4° colder than the water off Boston Har

bor (station 10488), but averaging about 2.5° colder than the waterin the northeast
ern corner of the gulf and precisely the same as the water in the Fundy Deep
(station 10499). . . . .

The records for this cruise would have been more .fairly representative had it
included any severely cold days, which it did not, for the obvious reason that when
icy northwest gales sweep the gulf oceanographic research from a small ship becomes
impossible. Nevertheless, the regional difference just sketched does illustrate the
very important fact that the cold winds of winter are most effective as cooling
agents close in to the land.

While no exact data are at hand for Georges Bank in early winter, general
report has it that the temperature of the air is close to that of the water there in
December and January, except when cold northwest gales blow out, from the land
or warm "southerlies" blow from the tropic water outside the edge of the continent.

From, the oceanographic standpoint, the most instructive con.clul'lioIl to be drawn
.from the relationship between t,he.temperatureof the air and that of the water is
that the .SUl'faceof the gulf follows the air in its. seasonal changes (p. 699; Bigelow,
1915,8Jld 1917). This, of course, is a corollary of its situation to leeward of the
;oontinent, with winds blowing from the land out oyer the sea for a much greater
percentagt;H;>fthe time than vice :ver~, especially ill willter. It follows froIllthis, as
I. hav~.emphasized in, earlier pllbUcations, that the relation of sea climate to air
clim8i~il\\,;(),nithewhole, the reverst;\ht\te.of what a,pplies to northwestern Europe,
the surface of the sea responding rapidly in winter to the rigorous air climate.

How closely the winter temperature of the water of the harbors and bays tributary
to the gulf depends on the influence of the land is illustrated by the fact that Gloucester
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Harbor, whieh Q.pe:ns freely
to the deeps off Massachu-.
setts Bay,is 0.05° to 1° warmer
th&n the more inclosed waters
of Woods Hole in winter,
although 8. degree of latitude
farther north and" bordering a
colder ocean area (Bigelow,
1915, p. 257).' Gloucester
H&rbor, in turn, is colder than
the neighboring parts of Mas
sachusetts Bay. For example,
the surface temperature of
the outer part of the harbor
fell to about 0.5° to 1.1° dut-

, '

ingthe winter of 1912-13,
but the lowest reading' a few
iOiles outside was 2.781' (Bige
low, 1914a). Boothbay Har
bor, 75 miles north' of Glou
cester and shut inbynumerous
islands, is likewise colder in
winter than are the neighbor
ing waters of the open gulf.
QnMarch4, 1920, for inst~nce,

the temperature of the harbor
was fractionally below 0° (fig.
30) , at which date the Albatross
had surface readings of 2.2° to
1.1.0 on the run in to the land
there .from a station aome 35
miles offshore (20057) ~ In
formation to thesam,e effectr&:
llultsfrom, an ·average. March
temperature of abbut 0.11 ° at
the Bureau of Fisheries station
..t.tbe head of Boothbay Har
~l"~or Marc.h,.J881 to 1885,
oontrastingwith 1.1°to 1.7° at
$eguinIslaud(Rathbun, 1887).
Finally, a graph (fig. 90) is
offered .to show the thermal
progression of air and water in
MassachusettsBltyd~g the

. winter of 1924 and 1925.
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FACTORS

.BULLETINOB,TlHEBUBEAUQF :FISHERIES.

GOVERNING THE TEMPERATURE OF THE
GULF OF MAINE

The temperature of the gulf, like that of other boreal seas, is governed by &

complex of factors into which the temperature of the water that enters the gulf fro~

the several sources enumerated below (p. 854), warming by the sun's rays, and cooling
by the radiation of heat from the water to the air in autumn and winter, as well a$

by evaporation from its surface and by the melting of snow (and locally of ice), aA
enter. Added to all of which the temperature at any given depth, date, and local
ity depends to a large degree on the local activity of vertical circulation, especially
of tidal stirring.

Continued studies confirm the earlier generalization that the temperature of the
superficial stratum of the gulf down to a depth of about 100 meters is governed
chiefly by the chilling caused by rigorous winter climatA and by the influx of cold
water from the Nova Scotian current in spring, on the one hand, balanced against
local solar heating in spring and summer, on the other, and. against the warming
influence of the influx of offshore water which enters its eastern side. As the
gulf lies to leeward of the continent, its western and northern sides are the most
responsive to climatic changes (Bigelow, 1922, p. 164).

In evaluating the relative importance of these several processes it is to be
observed that all of them are distinctly seasonal in their effects.

SOLAR WARMING

In the Gulf of Maine, which veryseldom is invaded by warm water from the
south or from outside the continental edge-situated,too, at a temperate latitude,
with the sun's noon altitude rising to more than 630 above the horizon during the
months of May, June, July, and the first half of August.,-solar heating in situ is the
chief and, indeed, almost the sole source of heat.

'l,'he absorption of heat by the water from warm air blowing over its surface
exerts much less effect on the sea temperature. This last statement rests on the
fact that the capacity of sea water for heat (technically its specific heat SJJ) is abmli
3,000 times greater than that of air.

Such great volumes of. warm air must, then, blowoverthesurfaee of the SM

before the latter is warmed.appreciably that heat fronithis source can be responAi.
ble for only a very small part of the vernal rise in temperature that characterizes
the Gulf of Maine.

Water, fresh or salt, is apparently a transparent fluid .when viewed in small
volumes.' Actually this is far from· the. trutho Consider, for example, how rapidly
any object lowered into even the clearest sea vanishes fromsight.51 In fact, sea
water is so nearly opaque to such of the sun's rays as convey most of its energy

"The specific heat of distilled water Is usually stated as 3,257 times that of air. Sea water has slightly less capacity for heat,
KrlImmel (1907, p. 279) quoting from experiment$ by Tboulet and Cbevaller (1898), givlug the specific beat of water ot 30 per
mille sallnlty as 0.939 and that of water of 35 per mille salinity as 0.932, botb at 17.5° temperature, taking distilled water as
unity. ... '-.

II See P8i8 822 tor actual measurements of tbe visual transparency ot tbe Gulf of Maine at varioUs t1mlla and places.
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that only a very thin surface stratum of the sea is warmed by direot solar radiation.
Further transferenoe of the heat so gained, downward to. the deeper .strata, depends
on other'processes, discussed below (p. 678). .

. Oceanographers, therefore, long have reaIizedthat the thickness of. the stratum
.llat receives the heat of the sun directly depends on the distribution of this energy 
along the solar spectrum and on the transparency or opacity of the water toward
rays of different wave lengths, which, in turn, depends largely on the clarity or
turbidity of the water.

The altitude of the sun~i. e., the angle at which its rays strike the surface of
'hewater~and the roughness of the water determine what percentage of the total
radiation is reflected and what percentage penetrates. No attempt has yet been
made to measure this for the Gulf of Maine; but there is no reason to suppose that
the'latter differs much in this respect from Puget Sound, .where Shelford and Gail
(1922) found about 25 per cento! the light reflected or shut out by the surface mirror
between 10 a. m. and 2 p. m. in calm weather, with the loss increasing to 60 to 70
per cent, or even more, when the sea was rough. On the·average,then, about 50
per cent of the solar radiation falling upon the gulf may be expected to warm the
latter; the remainder is lost, safar as any direcLeffect on the temperature of the
water is concerned.52

When we attempt to estimate the warming effect which the 50 per cent or so
that does penetrate actually exerts at any given level, we must keep clearly in mind
the distinction between the intensity of radiation and the extreme penetration of
light. The latter has been the subject of repeated experiments, and, as might be
expected, successive tests with more and more delicate photographic apparatus have
revealed faint light at greater and greater depths. The mere fact, however;. that
light penetrates to depths as great. as 1,000 to 1,700 meters 53 in amount sufficient to
affect photographic plates does not imply an equal penetration of radiant heat in
measurable amount, witness the fact that stars~evennebulre-can be photographed
though their heat is not appreciable oil the earth. On the contrary, theoretic cal
culation and practical experiments unite to prove that the intensity of solar radiation
falls off very rapidly as the depth increases, especially for the longer wave lengths.54

Hulburt (1926) has found that sea water is slightly more opaque than fresh
""ater for the shorter wave lengths but shows about the same coefficient of absorption
as fresh water for the longer.

The long waves below the visible end of the spectrum (the so-called "infra red"
or "heat" rays) convey more energy than all the rest of the spectrum combined,
bunging from 51 to 67 per cent of that part of the total energy of the sun that pene
trates to the earth's surface near sea level through air of the same general order of
humidity as prevails over the Gulf of Maine (Abbott, 1911, p. 289). The precise
percentage conveyed by these infrared rays varies with the altitude of the sun.

It Thl~1s a much greater loss by reflection than Schmidt (1915) found for fresh-water lakes, where he records only a 6 per cent
lOss with t'he sun 30· above the horizon. Probably the state of the surface accounts for the ditlerence

"See Helland-Hansen (1912); Grein 11~13). . . .
II For the coefficient of absorption of thevlsihlepart of the spfctrum in pure water. see Krfimmei (1007), Fowle (19201, and

Kayser (1005). " . .
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,I' know of no direct measurements of .the depth· to which the infra red' rays do
actually carry heat into the sea water in measurable' amount under the conditions
of turbidity actually existing at sea, but even distilled water is so nearly opaque to
them that they are almost entirelY'absorbed:.(for practical purposes, entirely so) in

- one meter, and their penetration into the sea is certainly less. That is to say, nearly
half of the sun's direct radi8(llt heat is expended, theoretically, upon this thin surface
film.

According to a calculation carried out in the physical laboratory of Harvard
University through the kindness of Prof. Theodore Lyman, 58 per cent of the energy
conveyed by the visible part of the solar spectrum would be absorbed by passage
through 9 meters more (1. e., a total of 10 meters) of perfectly clear distilled water,
so that only about 20 percent of the total solar energy entering the' water would
penetrate as deep as 10 meters, this small residual lying chiefly in the blue-green
part,of the spectrum. Certainly less than 1 per cent could penetrate as deep as 200
meters-chiefly in the ultra violet. Probably this calculation would apply equally
to pure'salt water. The sea, however, is never clear; and in boreal coastwise waters
such as the Gulf of Maine, which are always comparatively turbid, the fine particles
in suspension.:-,..,.silt or plankton-absorb so much of ,the sun's rays that the penetra~

tion of heat is much reduced.
It is, of course, with the depth to which the water of the gulf is measurably

warmed by the direct penetration of solar radiation under conditions actually pre.
vailingthere that we are now concerned. This may be approximated by experi
ments that have been made in other seas. In the comparatively clear water of the
Mediterranean, off Monaco, Grein's (1913) measurements 66 of the penetration of
different parts of the solar spectrum showed that the wave lengths as long as the
blue.;.green, and longer, were virtually all absorbed in the upper 50 meters, red-yellow
in the upper 10 meters, as appears in the following table condensed from his
account.

Intensity of light penetrating to different depths, taking the amount at 1 meter as 100

Color and wave lelljlth

Depth, meters
Red,
68~10

Orilnge
yellow,
620-585

Green, Blue-rp-een, Blue, Blue·vlolet,
570-486 515-486 475-420 435-40\>

L __• " • . •• ._. ooסס100.0 100. ooסס
10._. • • • ._~_ .27000 .'2000
~O_.·-----. • " .-_-----_--- .00021 .0032
100. ~. .. • .0001
200 • • • • .. • _

,

OOסס.100 OOסס.100 100.000 100.0
16. 6000 16.6000 43.700 80.0

.2200 .2500 20.100 20.0

.0030 .0033 .550 1.,0

.0004, .0010 .004 .1

Translated into terms of solar energy, this means that at least 70 per cent of all
the radiant solarheat that penetrated as deep as 1 meter was absorbed at a depth of
10 meters; and as nearly all of the energy ofthe infra. red .certainly was absorbed in
that upper ~~ter of water,it isnot likely that mOfe than13 per cent of the solar
heat that entered the water at all' reached as deep "as 10 meters by direct radiation,

.. These experiments were made with a "revolving photometer," for description of which, and of the method by which the
degree of blackening of the photographic plates was measured, see Grein (1913).
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lUlll virtually. ,aM oftb,is resi~:"e;,)V~!Wsqrbeq shoaJe:r ,tP;~~' 5~imeterE! ..• Grein~El6Xapt-.

it).g, measul'erq~nts, theJ'efores,C()ufirm Knott's (19()4) >cOJwlusion>that $.~' )Il.and.}).: Dill·;
t~qlperaturestl;tken by the II ,Polo. '! at 16 pairs of statioI\s) with thermomete.rs grad:..
u.~te4; ~QO~l() C.,.showednpevjd,ffilj}eof th~ peJ;letr.a.tionr:ofdirect solar rttdiation
d~per th~ about 20 meters... '..
. In more.turbid northernf?eas'\Ve.ma~,~x'pectthe.sQI~r}adi~t~q:Q.,t?;.b~ absorbed
in a still shoalersurface 'stratum, dependiri~ largely on the character- and abundance
of. the plll.nkton at the time. ,In Puget Sounel, for example, Shelfordand Gai~ :(1922)
f{)und. the first mete;r of wa~r absorbing about 20· per cent .of the visible. light ~4~t..

ac,tually peJ;letrates below the s~rface, with only: 8 to 10 percent of eV6J;l.the sl,lorter,
'!II-ye lengths, reac4ingadepth of 10 meters u.nder aVerltge, ilh~.Plination. ,

In the English Channel, Poole and A,tkins (1926) found the. illumination at 20
mete.rs to be about 5.5 per cent as strong as just below the. su,rface; while in the
B~y of Fundy, according to Klugh (1925), only about 1..5 per cent ()ftheillumination
recorded just below the surface penetrates to 10 meters in August inbright sunlight.

In Lake Seneca, New York (prqbably still mOre turbid), Birge and Juday (1921)
found that only 15 percent of the solar ,energy that eJ;lteredthe )Va~r penetrated .to
~ depth of 2 meters,. 5,4 per cent to 5Illeters, and oIlly, l,per cent to 10 lD.eters. Per
hlqlsas striking an example asanyin nature. of the absorption of the sun's he!tt by
the uppermost stratum of water is afforded by certain oft-quoted salt-water basins
alOI}g the west coast of Norway, in which. the salinity is very low at th(l surface but.
80 high from the depth of 1 meter downward that the water is in extremely stable.
equ.ilibriUIll. Here solar radiation in summer induces temperatures as high as 20°
to 30° in the upper 2 meterf~ of water but hardly affects the temperature deeper
{pan about 5m,eters. (See Helland-Hansen,1~12a,p. 65, for a discussion of these
uPolls,"!tsthey are nl:l.med locally.). . .
'; Judgingfromth~ similarity in latitude and in general hydrographic conditions,
t~e, penetration of solar radiati()n ~s probably of about· the same order of magni..
wde in the open .Gulf of Maine; as in PugetSound. If, then, the water of the gulf
\¥weentirely without ;motion, and if. heat were .conveyed downward py no other means
t~n dire~t solar radiation, more than 90 per cent of such of ,the sun's radiant energy
as penetrated the watE}t ;at aLl would be e~pendedwithin 10 meters of the. surface,
llQJl;lething likEl 98 per .cent-within 26 meters of thes.urface, and.allbut a fraction of
Iper pent at a depth of 100 »leters. At times of year ,when the water was partic1;l
lar,ly tu,rbid~spring, for example, during .the active flo)Verings,ofdiatoms~thesolar
u,.1li~tion would be. absQrbed stil~ mor.€l rapidly. "
"TWe ml,ls~also bear in mind that tha.t p~t ofthesun'sinsulation which is inter
~pted)y the superficial stratum ofwaterdoes,nop a.ctsolely to)Varmthe latter,but,
~at~.p:art of its energy is expended directly in evaporating water vapor from ~he i

surface (p. 680). , ' , . . .. ' ,
0: ,UI\det, ~4eco~ditions existing. in the gulf it seems. that if direct solar. ra4il1tion

Vi;a:rms, ,the 'surface by 20° at any given loaality,in th(lgulf, the lO-J,Ueter leve~;wqll,41:

c,~tlj.j.ply:, w.arm by only about, 2°, very probably the 50-meter,leYel woUlq'~~1
bYt,po.p1Qre than p.2°, and the' 1OO-weter level would n()t suffer change sumpi~nt.{91;;
our most delicate deep-flea thermometers to record during the part of the year when
tM wa'ter is gaining heat, unless this heat were carried downward iIltb the deeps by
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Bome other process. The warming by direct solar radiation would therefore be vir
tually negligible during a single summer at depths greater than about 50 meters if
there were no vettical 'circulation, thislitnit varying with varying 'states of turbidity
and with the roughness or smoothness--t>f the surface of the water as well as with the
cloudiness of the sky, the haziness of the atmosphere, the percentage of foggy days; etc.

DISPERSAL OF HEAT DOWNWARD INTO THE WATER

With at 'least nine-tenths of the solar energy that enters the water of the gulf at
all abs6rbedwithill10 meters of the surface, and virtually all of it shoaler than 30
to 50 meters, the importance of "ertica! circulation in carrying down into the deeps
water that has been warmed at the surface, and by bringing cold water up within the
influence of the sun from below, becomes at onceapparent.Q6

The vertical circulation oftha gulf is discussed in another chapter (p. 924). It
concerns us here, however, as the factor that chiefly governs the temperature of the
mid-stratum between the depths of, say, 25 and 100 meters. In different parts of the
gulf and at different seasons we find all gradations from water so stable, vertically,
and with currents so weak that virtually no iqtetchange takes place between the
different strata, to the opposite extreme where the whole column iskept so thoroughly
churned by tidal currents that the heat absorbed by the surface is uniformly dis
persed downward. This last state characterizes nearly the entire area of the gulf
during the first days of spring and is responsible for the fact that the whole
upper stratum, down to 100 meters, at first Warms at so nearly uniform a rate.

The vertical uniformity of temperature that characterizes Nantucket Shoals,
locally, too, Georges Bank, parts of the Bay of Fundy, and the coastal belt along
the west coast of Nova Scotia, results similarly from tidal stirring so active that it
overcomes the tendency of the water to become stable as the spring progresses. Off
the western shores of the gulf, however, where tidal stirring is not active enough to
counteract the increasing stability of the column induced by the warming of the
surface, the development of a light stratum at the surface tends more and more to
insulate the deeper strata of water from the effects of solar warming as the season
advances. The more stable the water becomes, the more effectively are the deeper
strata protected in this way from thermal influences from above. .

It is this obstacle, which the stable state of the water opposes to vertical circu
lation during the warm half of the year, which is responsible for the fact that the
temperature rises so much more rapidly and to so much higher a value at the sur
face than only a few meters down, and which allows the persistence of much lower tem
peratures at depths of only 50 to 100 meters all summer. However, there is always
enough vertical movement of the water everywhere in the Gulf of Maine to prevent
this insulation of the deeper strata from becoming as effective as it is along the coast
from New York, southward, during some springs (Bigelow, 1922).

Observations taken during our first cruises in 1912 (Bigelow, 1914) pointed to
local differences in the strength of the tidal currents as chiefly responsible for the
fact that the surface is so much colder, but the bottom, depth for depth, so much
warmer along the coast of Maine east of Penobscot Bay and in the Bay of Fundy

.. Conduction and the radiation of heat from one particle of heat to the next are negligible In this respect. (WegemanD,ll106;
Krllmmel, 1907.) .
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than it is off the western shores of, the' gulf in summer. The following exposition
may more graphically explain this general phase of the gulf temperatures:

Let us assume two localities, both with an initial temperature of 2°, surface to
bottom, but with vernal heating in the first (a) uniformally propagated downward
through the whole column to a depth of 50 meters by active tidal stirring, but absorbed
in regularly increasIng ratio, with increasing depth, at the second (b), to nil at the
bottom. If enough heat were received at the surface to warm the whole column at
a to a temperature of 10°, the same amount of heat entering the water at b would
warm the surface to 20° there, but not affect the temperature at all 50 metersdow'n.
The ideal condition represented by a is most closely paralled in the Gulf of Maine
area by the most tide-swept parts of the Bay of Fundy region. An approximation
to the vertical distribution of temperature at b is to be found in the western side of
the basin off Cape Ann, where the surface warms from a winter minimum of about
3° in February to a summer maximum of about 19° to 20° in August, but where the
temperature of the 50-meter level rises by only a:bQut 1° during the same interval.
The relative 'rates at which heat is dispersed downward in these two parts of the
Gulf of Maine correspond directly to the relative activity of the tidal currents, which
are weaker in the deep water in the offing of Cape Ann than anywhere else in the
Gulf of Maine.

THERMAL EFFECTS OF UPWELLINGS

Upwellings of water from below have little effect on the temperature of the sur
face stratum of the gulf in winter, because the whole column. of water is then so
nearly homogeneous that the rising currents have about the same temperature as the
water which they replace. From April on, however, the upwellings that follow off
shore· winds in the western side of the gulf are reflected in a chilling of the surface,
as described above (p. 550). This is not the case in the eastern side, however, or on
the banks, where tidal stirring koopsthe water more nearly homogeneous, vertically,
throughout the warm season as well as the cold. Therelationshipbetweenthese
upwellings from small depths and the temperature of the surface water is imfficiently
described in connection with the midsummer state of the gulf (p. 588). I need only
add that the· thermal effect of vertical circulation of this sort along our New England
coast has long been appreciated and has recently been discussed by Brooks (1920).

THERMAL EFFECTS OF HORIZONTAL CIRCULATION WITHIN THE
GULF

The effects of the transference of cold water by the Nova Scotian current is dis
cussed below (p; 680). A word is also in order as to the opposite process. The trans
ference of heat, from the tropics to high latitudes, by the great ocean currents, is
reflected on a very small scale in the Gulf of Maine in summer by the drift of surface
water, warmed in the western side, across to Nova Scotia by the dominant anti
clockwise drift. The outflow from the eastern end of Nantucket Sound, now reason
ably established (p. 886), must similarly tend to raise the temperature of the water
over Nantucket Shoa:ls. On the other hand, the westerly drift from the Bay of Fundy
combines with the active tidal stirring to maintain the low surface temperatures char
acteristic along the eastern sector of the cOast of Maine.
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In winter, when thecoasttlJbeltiS'thet)oldestpart·of'thegulf,.the .domuuintcir"
culation ten.ds. to. carJlY JmVr:t~mpera tures from· the we'sternshores ,out oyer the central
part of the basin,all'ef:fectjIlust:hiMd by: 'the distribution'of tempemture in Massa
chusetts Bay in Febl'u,arYI.1925(p. 658).

THERMAl.EF'FECTS' OF .EVAPORATioN

The Wfltrming of thesurfa~e stratum of theg~(by:~olar;radiation. isconstan.Uy,
opposed ,by the draft, ofheat from the water~s:the latter eyaporates.Quantit.ative
~~flote~nAof tl\e cooling of the waterwhich this processactuallyeffects.qver t~e gulf
is. not yet possible, but such 0bserv/!,tions as have been made on the .colllPa.ritive':ql.pid
ity, of eJaporationof salt and fresh waters, and the actual measuremen,tS,of the latter a~

land,statiOIls ~ound ;the coast o~. the gulf, afford a rough, picture ofth,e9rder of. mag,
~itudes,involv;ed, . . . .'" .' .

,The lfl!..entheat of vapori~ation of fresh ~a~er dependstQ ,soIIle small extent OIl;

the tePlperature at which evaporation. takes place ; the average, for ·the ra,ngepre..
vailing in. the surface Waters of 'the gulf of Maine {0° ~0:200)isabo,ut5&5 to 595
calories.57 . . "

.. :' llutow of no determinations ofthe latent heatofev~porati.onfor; sa.lt water, but
probably it does not differ greatly from the above. The annual evaporation oia
blanket of water about 0.7 meters thick from the surface of the Gulf of Maine, which
is probably close to the truth (p. 842), would thus takeeh6tigh'heat from the upper 50
meters to cool the latter by about 8° if all the necessary energy weredtawn from
the water~Actually,however,a!argepart is. supplied by.direct solar: radiation. as it
strikes the surface (p. 677), proportionately reducing the draft of hea.t:made from the
Underlying water by the process of evaporation. No measuremeb.tsofwhat peroentage
of the heat requisite for evaporationisthus suppUed direct by the ~l1n~eeIlltohan
been made a,t sea, .but it is certain that this can happen only while the 'sun is shining,;
and evaporation is much more rapid in· sunlight than at night .orunder a cloudy
sky-,-on the average &bout two and one-half times morerapid, accordin,g to Krummel's
(1907, p.248) summation of the available evidence. The actuaL hours of sunshine
average.onlyabout 50 per cent of the possible, number Bit land sta.tions around ,the
gulf, with the sun above the horizon only about haIfof .the time. for the year as, a
whole at our latitude. Thus, a roughapproIDmation of. the yearly evaporation froJll
the ~lf would be about 0,,3 meter (out ?f the, to~~lof 0.7 meter, a~ s~at~d on p. ~42)

for the one-fourth of the time whett'the'sunshines'ori'tlie water;' 0.4 meter 'during the
remainder of the year. Without going deeper into this question this implies that
the chilling effect ofevaporation is certainly sufficient. to reduce :the lllean te.J;Ilpera
tureof the upper qO meters iuthe gulf by at least 5°d,llring the cQurseof.the.ye~r,

and probably by at least 6°.

THERMAL EFfECT OFrTHENOVA SCOTIAN CURRENT

The disttibution of tempel1aturearoun.d and in ,the offing ofCap~Sable makes
it certain that: the cold Nov8. s'co<tian drift e~er.tsits chiefthermateffect to' the. eas~
ward of tha cape.. ,Nevertheless, it is n~nw i fully est8ibli$heq1ih&tthis. cold. currellt

11 Determlnatl6ns of the latent heat of evapot~tl6not watervar~ ·'SOIn8what•. The :valJe ~t8ied :abO~8 Is calculated from
HerrlIlll's formula, L-94.21 (3ll5-T) 0.31249...· '(Quoted from Smithsonian tables.l?owle.; 1112Oj) :
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jooilSi'WBStwardintotthe Gulf,oo:Maineieveryspring, inSOlne y-earsinto:the summer.
jjtrls;dhviousi tho;i} if this reached:theigulf .close to' zero' in temperatlire) '8.S :it'iE! farther
.,aB W:.eH:as :m.large \VOh:lme; ,it' would effeotivelycool the) ~stern!sideiof! the gulf
1ustae itcools'thecoastal zone along:outer Nova Scotia, foritis:considerably colder
,iJtim the central paxt of thegulfe1Tenat the season when the latter is at its coldest.
This difference in temperature widens during the spring as the vernal.wabmngofthe
~;PrOceeds;' OnLy once (March c 29, 1919)' have wefound,this icy Scotian water,
$!.~;in temperature ·(p.553) and lowiri salinity (p. 727), flooding the surface as far west
fuithe: gulf as :the eastern side of the basin; and, as pointed out (p. 558), the duratiQu
of this 'intrusion of zero water seems tO'have been brief,liecausethe temperature Of
tmssideof:.the'gulf had ,risen tb~ to4° by the 28th of April and to 4° to:6() by the
end!of May«p; 560).-
)' I can not. state whether the cold stream from Banquereau brings water as cold
as this to the Gulf of Maine every spring. In 1920 it certainly did not do so until
after mid"April"8(if at all), when the temperature was still no lower from German
Uankand Gape,Sable oUt :actossthe Northern Channel to' Browns' Bank inttie
oosternside of the gulf than in the ,northern and western parts; in fact, slightly
higher than in Massachusetts Bay, though the latter is so much farther removed
from any possible- effe~t iof cold water from the east and north. In 1915 the band
ohera water hadex.tendedwestwardpast Halifax by the and of May, probably as
far west as Shelburne. However, WisiInlikely that the Gulf of Maine received any
water so cold during that spring; surface readings as .high as 3° ,to 3.5° iIi ,tha"region
of German Bank on May 6 to 7 (stations 10270 and 10271) certainly do not suggest
this. So sudden a dislocation in temperature had developed by June of that year
between the eastern side of the gulf (5° to 8°,surfaee to bottom) and the coldest
band on the Shelburne profile (0.7 to 0.9°, p.582) that the latter no longev exerted any
ooolingeffect on the temperature tothewestwarnofCape Sable.

This evidence suggests that while icy water from the Banquereau region (p. 832)
reaches the Gulf of Maine as cold as zero for a brief period during some springs, in
most years it is so warmed en route by mi.xture with water Of higher temperatures
in the neighborhood of Cape' Sable that it enters the eastern side of the gulf only a
degree or two colder than the water it meets there.

The thermal effect which the Nova Scotiancurrent exerts on the Gulf ofMaine
is also limited by the fact that it passes Cape Sable as a surface and not a bottom
drift (p. 712), its deeper strata being deflected past the Northern Channel and into
the so-called" Scotian Eddy" by the obstruction offered to its westward movement
by the rising slope of Roseway Bank (p. 836). With the advance of spring the surface
of the Nova Scotian current warms,by the sun's rays, as the source of low temper.,
ature (ice melting to the 'eastward) is gradl,lally exhausted, until by July the surface
attains a higher temperature all along Nova Scotia (12° to 13°)69 than around Cape
Sable or. in the eastern' side of theQulf of Maine, although the bottom water only
20 to 30 meters down continues icy cold. In consequence of this solar warming of
the superficial s.tratum the. surface drift that persists from the eastward· past Oape

as, on tM .17th 10 19thot that Matcb tile Cflldllllt water (+0.3° to. O.liO)was tben8Pparerttly flowing westward between LIt
J;Iave a,!d Roseway Bank~ at tlle 20 to 40 meter level. . .' . . •. ,

' .. For sumnier temperatures over tbe SCotian sbelf see Bjerkan (1919)'and Bigelow'(1917).
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Sable in some summers· enters the gplf about as warm as is the contribution .frotn
the Cape Sable dead water(p. 835); actually warmer than the water with which it
mixes in the offing of. Cape<Sable or close by to the westward. Although icy cold
water persists on bottom right through the summer only a few· miles east of the
cape, we have no evidence that anything from this source actually penetrates the
gulf after May.

In short, the Nova Scotian current acts as a chilling agent in the Gulf of Meine
for only a few weeks during the spring, and then more to retard vernal warming
(p.558) than actually to lower the temperature of the part of the gulfinto which it
debouches' below the readings prevailing there before the current commences to
flood past Cape Sable. During the short period of its westward floOd, however,
and for some weeks thereafter, its chilling influence on the eastern side of, the gulf is
obvious enough, as is described in the account of the distribution of temperature in
the spring(p. 553).

We have next to consider how far the difference in temperature between the
side of the gulf most directly exposed to the effects of the Nova Scotia.n current and
the opposite side most remote from it is recognizable at other seasons of the year.
This problem is complicated by regional differences in the activity of vertical
stirring by the tides,reflected inlower and lower surface temperatures at sllccessive
stationss.round the shore line of the gulf from Massachusetts Bay to Nova Scotial
but higher and higher temperatures at the 50 to 100 meter stratum.· In order to
be instructive for the water mass ass. whole, regional comparison must therefore be
based on a calculation of the mean temperature of the entire column. To name
one part of the gulf as potentially colder than another, or vice versa, on the
evidence of temperature of· anyone given level can only prove misleading.

In calculating the mean temperature the gulf is best divided into two sub
divisions-(l) the,basin outside the 100-metercontourand (2) the shoaler water of
the coastwise zone.

An earlier report (Bigelow, 1915) gives calculations of the mean temperature of
the, stratum inclosed between the surface and the 50-fathom level for the basin,
which would apply closely enough to the upper 100 meters.

Approximate mean temperature (OC.) jorthe upper 50 fathoms, or 100 meters, of the basin, August,
, 1913

Locality
Mean I

Station teIf.rrera- \. Locality
Mean

statiOn tempera
tute

OJ! OlouOO8ter':'__._~ ------ ----------
WeStern basin_._. ,- ._
Nortb 01 Oapll Ann _. ••_. _
Neat Isles of 8hoals ~ _
Off Oli.pe' ;ElIr.abeth

c
"----- 1

Near Platts Bank . _
Off Monhegan IsIaAd ..~ ~ _
Off Penobscot Bay ~ ,. ----I

loo~7
10086
10105
10104
10103
10089
10102
10101

7.9 Off Penob.$cot Bay_•••~_••••••_._.--. ~
9.7 Near Oashes Ledge ... _
8. 3 Near central part of baslu••_. • • _
8. 4, Off Mount DeserL •__..... ._..
9.1 Off Bay of Fundy ••••_.. •__
8. 3 N.~r Lurcher ShoaL ••_. _
9.2 East sIde of basln .._. __ .
9.4 Do .. •• __

10091
10000
10092
10100
100\l7
10096
10093
100114

10.0
8.6
8.0
9.1

10.2
10.1
10.0
, 8..

According to this table the eastern side of the basin, with the waters along
the Nova Scotian slope and off the mouth of the Bay of Fundy, was potentially
the warmest part of theg:ulf (1,0°), Ilot. thec9Ide~t, a.sth~populat belief that an
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HArctic current" chills the.surface there. would demand. This upper stratum was
as cold in Massachusetts Bay.·(farthest removed from tlle'eff~t of the .Nova Sco·
tian current of spring) as it was oJfPenobscot Bay.

In August, 1914, we agaJo found the mean temperature of the inner part of
the basin of the gulf highest in ~he eastern side near Luroher Shoal, lowest in
the western side.off Cape Elizabeth, andslightJyhigher (7.7° to 9.9.°) in the north·
eastern part in general than in the western (6.8° to 89), as follows·:

Approximate mean temperature (0 C.) upper 100 metef's, August, 1914

Locality
Mean

Station tempera·
ture

LOCllIUty
MeaD

Station tempera·
tute

Oll Gloucester•• __._•. •__ •••••• ._ 102l\3
Oll Cape Cod ..• ~.• _.. ._. _._.__• __ ."_. 102M
Western bllSln.__••• _•••_•••••_._." __.____ 10204
South of ClIShes Ledge __ • •. 10255
Near Isles of Shoals •• ._____ 10252
Oll Cape Elizabeth __ •__• ._. .____10251

7.7 Oll Penobscot Bay_ .•. __._•••• _.__••••••• 10250
8. 0 South of Mount Desert •••• •__••_ 10248
7.8 Do ._~_•• •••~ •__ . • ._.____ Ifl249
8. 6 Oll the Bay of Fundy ••.• • .,_ 10246
8. 0 Oll Lurcher Shoal_._._._~ -.._.._••~ ••_ .l~

8.8

8.8
8.7
7.7
8.8
9.9

Similarly, the mean temperature of the upper 80 meters (the whole column) was
as high on German Bank (9.9°), off Machias, Me. (9.7°), and at the western end of
the Grand Manan Channel (9.8°) in August, 1912, as it had been off Penobscot
Bay or on Platts Bank a week previous (9° to 9.7°), or as it was in Massachusetts
Bay two weeks later (about 9.6°). The 80-meter mean .was slightly higher off Cape
Cod, however (about 11°), on August 29 of that year.

Our data do not afford so satisfactory a regional survey of the mean temperature
of the coastwise zone shoaler than 50 to 60 meters because we have taken few obse;t'
vations so close to the land, and it is obvious that regional comparisons for any given
stratum within this l:!elt will be misleading unless ~he observations are made at
approximately the same date and at localities wb,ere tb,e depth of water is about
equal. The few readin~ that h.ave been-. t8,ken .on. Nantucltet Shoals show the
whole column of waterl°to 2° warmer (meanab()ut 10° to.l.2°)thanin equ~l depths
in the Bay of Fundy (mean 9° to 10°), an instructive comparison because the tempe~
ature is kept nearly uniform, vertically, in both these ar~as by the swilling tides.
The mean was also slightly higher over the 50-meter cont.our in Massachusetts Bay
in August, 1922 (11.7° and 13°, stations 10633 and 10640), than we have found it
at about this depth off Mount Desert and farther east along the coast of Maine atthe
same season (usually go to 10°) ; higher, too, than.the meanat 35 meters depth in Passa
maquoddy Bay in August (10° to 11°), 60 though the difference in depth would sug
gest a relationship of the opposite sort.

Our summer cruise of 1913 afforded evidence to the same effect, the. mean tem
perature being considerably lower on German Bank (8.7°, station 10095) at the end of
the second week ofthat August than off Cape Elizabeth (~b()ut 11Oat station 10103).
In August, 1914, also,themeanf<;>rthe upper 50 meters was about 9.7° on German
Bank and between 10° and 11° near the Isles of Shoals across the gulf. However,
in the cold summer of 1916 (p. 628) the mean for 40 to 45 meters was almost exactly
the same at two stations in Passamaquoddy Bay in mid-August (8.5° and 9.4°),in

eo Calculated from CraIgie's (1916) temptiraturcs.
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"Ca)cuJateo f!"Om Vachon's (1918) tables, '. , " , ' ," ,.
II .~ceording to the pilot chart (United States llyd!"Ographic OJnce). Nantucket Shoals is somewhat the foggier region of the

two in June (40 to 45 per cent of foggy days; 30 to 40 per cent in the Bay or FJW,dy); but in July about hal! the,days seesorne
fog in the eastern side of the gulf, only 30 to 40 per cent on the shoals.

St. Marys Bay on ,September" 2',C9;8°;'m'48meters);'an'4in 40'and'45'meters 'off
Yarniouth Harbor, Ndva'SC:otia:; tin~epWfuber Tarid 9~.t;(9;2° and9~8° in 40 and 45
meters) as off C!1P~ Cod onAugust 129'(9°'at'statibfi'·f0398).Muchlbwerslimmer
temperatures prevail to thee'aEltward' ofDape Sable,O:dislocationim~sh!tted for 1914
by meanv8.luesoflO:9° on 'the northeas,te~n part of Georges Bank and of ab(}ut9°
on Browns Bank;'contrastin~fwith only 'abbut 5° atfithe: 50~meter contour 'off Cap~
Sable (station 102M) du'riIi'g the 1!st'w-eekofJtily;'! I • : " "

These data,lIlt+y b~,summ,arized,asJoll9wS:~od~finite,tendency is shown toward
lower mean values for the upper stratum in the one side of the basin of the gulf than
in the other, outside the 100-meter contour, in ,years neither unusually warm nor un
usuallyeold. When we take into account thesharp'temperature gradient that char
acterizes most parts of the Gulf of Maine in summer, as a result of which even slight
upwellings from ,the mid-depths (at, say, 75 to 100 meters) would considerablylow~r

'the mean temperature of the shoaler stratum, the most -striking result of the
c8.lculation is the uniformity o£the gulf made evident. '

In the coastal belt the mean temperature is usually, though not invariably, a
degree or so lower in, the, north,ea~tern cO,rner of the gulf in., summer than in the
south,vesteru side; and it j;{ possible that ~n .years ,when the moveinent, of~water
westward 8.long Nova Scotia persists late' 'into the' season (1924, for example, p. 834)
this regional, difference in tern,peratureiS'w1d~rth~n has actually been recorded in
the l?ummers when,our general surveysof the 'gUlf ~.ave been carried out: In, evalu
ating it, not only must the'possible effect of this col«( c~rtent be taken into account,
but also the difference in lati:tud~ between the difterent,stations of observation,
which, perse, corresponds to some'difference' in temperatu~e.'·Th,e most interesting
regional comparison which the available records8,fford from'this point of view is
between the waters on NantucketBhOals, on the one hand,and Pa~amaquoddyBay,
on the other, both being subject to tidal stirring so active 'that the water remaIns
comparatively homogeneous from surface tobottoiri, throu:ghout the year, a~d both
experiencing about the same, aruoun,tof fog during the spring and summer.02

, The
difference in latitude between thkse. tw'o loc'alities is about 3B!°.. The, mean temper.
ature of the upper ao to 40 meters of Passamaquoddy Bay is usually between &,5°
and 10.5° in August, when, it is ator close to its ma~imumfor the year,differing l~

or 2° in either direction at different stages of the tide ,mid from year to year. On
Nantucket Shoals mean temperatures of 10° to 13° 'have been'recorded in summer,
so that a difference of about 2° is to be~xpectedbetweenthese two regions. Accord
iIigto KrliImnel's (1907, pp.400 and 401) tabulation and diagram this about equals
the a'\7erage 'difference in surface temperature between the latitudes of the shoals
(41 0) ~nd of Passamaquoddy Bay (44° 30'), whethel' for the oceans as a whole or f~i:
the North Atltin~i(} alone. " '

The differ'encesiJi l~titud~ betw~en Massachusetts Bay (lat. about 42°)' and the
northeastern 'shoI;'es of the- gulf' g~nerally (lat. 44° to, 44° 30') corresponds to a
difference of between 1° and 2° in meim annual surface temperature for~heNorth
Atlantic as a whole. "', " " i
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As every coastwise navigatorknpwsi 'theFeis 'muehLless Jog along the. western
shoreoi the gulf from Cape Cbd·to:Ollipei:Elizl\.heththan thel'eisat.th8,mouth··:of ithe
Bay of Fundy. Consequently; theforme'r. is: exposed to; ·mote:houts, of,: 'direet
sunlight,' tending to accentuate .the difference in' teim.pel'~tureresul'ting;fromdiffer
ences in lll.tidude, per se. On tReother handrwindsfrum.th.eqlHiliiant:betweeti .weSt
and south, suchasprevaiLove:rthe Gulf ofMaine.duririgJuly and August (p~-965h

tend to drive the.warmed sui'face water'eastwaro toward: ,Nova Scotia, thus ·trans
ferring heat,froffi;gouthwest to northeast (wium more orles8 colder'water welling up
along the western shore), and so in part to counteract the diffel'encein :the rate of
solar warming .which would. otherwise.accOlnpany the' difference of ··latitude'. - With
a "run" of. ea;sterlywind.sthe;direction of suvface drift will -be'oov\u'Sed. Thus, it is
by no means8:)sim'ple task to account for .variations,in th8.mean.temperature. as
narrow as those prevailing. between different pll.rtsiof :the:Gulfof,;Maine.inthe
summer months. The, much wider regional variatiOJ.ls·.jn surfaceremperatureorin
the temperature of the water at any given leveL below' .thesurface follow much
more obviousca:uses. ,. '"

1 think it sufficiently established, however, that: thediiferenee between the mean
temperature of the column of :ws,ter {in other words, its potentisl tempera£ul'e)in
the northeastern part of thegulf'and in the southwestern partis.n6't·greaterin most
summers than can be .accounted .for by the difference of. latitude and· by such other
local causes as fog, the direction of the wind, and the regional difference in the ac
tivity. of the vetical tidal mixing,on which too' much; stress can hardly be laid.

This is still more certainly the case inwin.ter, when the temperature of the gulf
is so nearly uniform, vertically, that station for station comparison of the actual
readings at once reveals any regional differences in the mean. temperature.

In winter it is only close along shore that any. unmistakable difference between
the northeastern and southwesternparts.of the.gul£canbedemanstrated, and, this
is not wider than can be accourited for by the difference in latitude.

WintertemileraturesatrepresentiUi1l6 stations du1'in(Jthe cold- months, 0 C.

Locallty,date,and station 8urfaee 40 meters l00meters

----,-------------~-----,--------I·_......-.,---.-~--._.~

Western side:ott Boston Harbor, Doe. 29, 1920, station 10488. .•.•__. • ~ .___ 3.90
ott GlQucester, Dec. 29, 1920, station 10489. • - . ._._ ••• ~._••_•• 5.56
Ott Gloucester, Mar. I, 1920, station 20050. ._._.__• .:. __•••••• • " •.. 2. 50'

Eestern side:
Yarmouth (Nova Scotia) sea buoy, J'an. 4, 1921, statiOn 10501. ._._•• ~__•._._._.~ .:.___ 3.80
ott Lurcher Shoal, Jan. 4, 1921, station 10500. • -------._,., • •••• ~-.:.-,-.-----,-~ 0.

1
"8
1
3
5

.
- Ott Mount Desert Island, Mar. 3, 1920, station 20056._. ••_••••• ••_. ._.:.~ ._._

I, ,(

5.84 _._•••••_.
6.94 6.97
1.89 1.52
8.86 _
6.17 6.. 70
.49 't.95

The foregoing discussion leads to the conclusiorithatthfLcold water from the
Nova Scotian current is soon so thoroughly incorporated with the water of the gulf.,
after the flow past Cape Sable slackens, that in most years the.:regionaldisturbance
of temperature which it causes at first is entirely dissipated by June. Even in ye&l1l
when the longshore drift continues to pass Cape Sable Until late in the summer
(p. 834); it may, at the most, hold the mean temperattirea degree or two lower along
western Nova Scotia until July than it is out in then.eighboring basin of the gulf.
After .that (earli~r ;still in "early" seasons) the surface water contributedLby th'is
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source and by the Cape Sable II dead water" (p.834) reaches the eastern side of the
gulf .as a warming, not as a chilling, agency, actually 1° to 3° higher in temperature
than the water with which it mixes to the westward :of Cape Sable.

One more thermal aspect of the Nova Scotian current (this the most important
of all) demandsbriefexamin8tion~namely, its more general· influence. on the tem~

perature of the gulf as distinct from any regional differences which it may cause
within the latter. In other words, to what extent is the Nova Scotian current
responsible for the boreal character of .. thegulf? Would the latter be considerably
warmer without it?

Until systematic exploration of the gulf was undertaken in 1912 it was gener
ally assumed that thecoilsiderable contrast in temperature between the Gulf of
Maine, on the one·hand, and .the tropic water outside the edge of the continent abreast
of its m:outh, on the other, resulted directly from the chilliJ;lg effect of some such cold
stream from the north and east, though the Labrador and not the Nova Scotian cur
rent was usually given this credit. There. is no .escape from the conclusion that
with water at least 3° lower in temperature than that of the gulf flooding into the
latter for several weeks every spring, the gulf must be somewhat cooler than it
would be if this source of cold should be dammed off.

The older view, that some Arctic current or other controlled the temperature all
along the seaboard of the gulf, was largely based on the supposition that the latter
isa very cold body of water. It is a truism that the gulf, with a mean annual sur
face temperature of about 8° to 9°, is considerably colder than the average for its
latitude over the oceans as a whole, which is given by Krummel (1907) as about
14°; so, in fact, is the whole coastal belt along the North American seaboard from
Nova Scotia to Florida. However, "cold for its latitude" is by no means synony
mous with "cold for its geographic position", and it is more :because of its contrast
with the tropic waters of the so-called "Gulf Stream" than because of its absolute
temperature that the coolness of the Gulf of Maine has impressed students and
laity alike. In attempting to.estimate whether the gulf is actually colder, and if so,
how much colder, than it would be if its offshore banks were to rise above water
and so dam it off from currents, warm or cold, the situation of the gulf to leeward
of the continent, and the air climate over the land mass from which the chilling
winds of winter blowout over the sea, are factors of primary importance. The
actual effect which winter chilling by cold air exerts on the tem.perature of the gulf
is discussed in some detail in a later section (p. 692). For clarity, however, I must
repeat here that owing to the great difference in capacity for heat between wand
water the gulf is but little warmed by warm air blowing over it in summer (drawing
its vernal warming almost wholly from direct solar radiation), but is very effectively
chilled by the cold air of winter.

If the Nova Scotian current did cool the surface of the gulf generally to a tem
perature more than a degree or two lower than would result from this winter chilling
alone we might expect the mean temperature of the upper 40 meters to prove consid
erably lower in the eastern side of the gulf than in the western the yearroundi but
.by actual observation the difference is' no wider ill this respect between the parts of
the gulf most and least open to the cold current than might be,expected to accom
pany the difference in latitude between the stations in question.
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The mean annual temperature of the surface of. the gulfaHords evidence to the
88Jlle effeot; this being about the same at the mouth of <Massachusetts Bay (9 .to
10°) as the annual mean for the air at neighboring localities around its shore,
or slightly warmer. A similar relationship has been recorded between the mean
annual temperature ofthe surfaoewater of the Bay of FundyGa and of the air over
the neighboring parts of New Brunswick and of Nova Scotia.

Most instructive clues, to the temperatures that might be expected to prevail in
the .deep strata oLthe Gulf of Maine if its basin were so nearly inclosed that it could
Dot be affected appreciably by currents from outside are to: be found in the relation·
ships between its deep temperatures and those of the Norwegian fjords (Nordgaard,
1903) anel of the Black Sea.

In the southwestern Norwegian fjords, where a very heavy rainfall maintains so
high a stability that convectional overturnings are confined to the superficial stratum,
so that,this alone is directly exposed. to winter chilling, the bottom temperature is
not only uniform throughout the year but is almost precisely the same as the mean
annual temperature of the air.84 So close, in fact, is the correspondence that,
Nordgaard tells us, one need only take a reading of the bottom temperature in one
of the deep southern fjords to know the mean annual temperature of the air. In
the northern fjords, however, which receive so much less rain that the water is less
stable, salinity and temperature become nearly equaliz.ed from surface to bottom by
convectional circulation in winter, just as they do around the coastal belt of the
Gulf of Maine, and as a result of this winter chilling causes wide seasonal variations
and winter temperatures lower than the mean annual temperature of the air at 200
meters and deeper; In both these classes of fjords, as Nordgaard (1903, p. 46)
points out, the bottom temperature is purely the result of local factors, the topog
raphy of the bottom being such that "rio supply of heat by a submarine current is
possible," nor any supply.of cold ofsimiliar origin.

More pertinent to the GuH of Maine is the relationship between the air and
water temperatures of the Black Sea, situated at about the same latitude (most of
its area is included between the parallels of 41° and 45°), but ina somewhat warmer
climatic zone.86

At depths greater than 150 to 200 meters the entire area of the Black Sea is 8.8°
to go the year round (Spindler and Wrangell, 1899; Skvortzov and Nikitin, 1924), con
trasting with mean air temperatures for the year of about 9.6° at Odessa, on the
north shore, about 11° over the western (Bulgarian) watershed, and about 14.3° at
Batum on the eastern· coast. That the deeps of the Black Sea should be so much
colder than the mean annual temperature of the overlying air, in spite of the warming
effect of the bottom current flowing in from the Mediterranean, reflects the age-long
effectso! winter chilling from above; Obviously the differential can not be credited
to any Arctic current in this case.· ,

While no part of the Gulf of Maine is as thoroughly protected from thermal in..
fiuences from the sea outside as are the Norwegian fjords and the Black Sea, such

II Between 6° alld 7° for the year 1916-17, according td Mavor's cum) tables~ . .
• "'Nordgaard (1003) Quotes7°es the mean annual temperatureot the air at Bergen, 6.8° to 7° at 400 meters and dee~t'inthe
neighboring fjords.

If The Biack Sea Is usually represented on climatic charts as occupylng the' belt inclosed between the mean annuall8l:ltberms
for 10° and 16.56°.
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cotlditions are appromnated i:.ru the deep bowl off OloueesPe!'., B¥ analogy, ,therefore,
we might expect! the mean:annuaLtemperatlll1eof theib&ttom 'water,Qf the lktte:r: to
be lower than: the mean annuaL temperature, !ofthe air o.ver :the i neighboring lfintt,
quite independent :of any possible ohilling-by northern soUr~es.. ! And such; by,our
observiations,'UJ ithe cas.e, the rheanbottom temperatureo.f 4fl ,to/5° at70to 150 meters
depth in this sink being !3°,to4° below, the meanari.nuaLteinperatureofthe:air:at
Plymouth and Gloucester,on ~the~tw:t>,sides ,oftha:baY,or;at Ooncord, Mass.J 'sOIbe,20
niiles inland. ,~, We: have not taken .readings; enough in th.e! deep, trough !betwoon
Jeffreys'Ledge and ,the Isle 'of Shoals to; establish the/mean,annual temperature/as
closely there, but such: data as are available, point to a meananmialvsJu6,of'4l!> toi5°
at 100 to 150 meters for this locality, about 3° lower thanthemeanamiual air,tem;'
pel'atureatPortland,Me,'(7.3°). '

,Near Mount Desert'Island,. 'which may, be, :takerr'as.repreeentative,of 'the
coastal waters of eastern Maine, the mean lU1Ilualtemperattrie of the bottom Water
(close to 5° ,to 6° ata depth of 40 to50'm:eters) is ,about 1° coolertlilin the mean
temperature' of the air at: Bar Harbor near ,by/but nearly the same as the air at St.
Johns, New Brunswick, and at 'Eastport; Me,. ·'Mean temperatures of 4°, to 5° at
depths of 100 to 175 meters in the Bay of Fundy for the year November,1916 t to
November, 1917,8r again provell!>;,or 2° lower than. the mean ann'Usltemperatureof
the air at St. Johns, New Brunswick, 'On ,the one side of .the Bay, or a'li' Yarmotith,
Nova Scotia, on the other (5° to,6°). '

The foregoing comparison warrants' tlietentativegeneralization,that in ,those
parts. where regional interchange of water is most hindered by, submarine barriers
the mean temperature of the bottom water averages about 1° to 3° lower than the
mean annual temperature of the· air over the' neighboring lands, a· rule applying
whether vertical circulation be active, as in the Bay of Fundy; Or weak, as off Glouces
ter. The mean annual bottom tem,perature at equal depths also proves decidedly
uniform in such, situations in the two sides of the gUlf. In the open basin of the
gulf the deepest water averages warmer; a Jact disoussed in. a subsequent section
(p.691). in short; itis not necessary to invoke 'more than a slight influence on. the
part of the Nova Scotian current, if any, to account for thermal differences between
bottom water and air no wider than those just quoted;

Brief analysis will, I think, convincethe.teaderthatthisconclusion,applies
equally to the coldnridl&yer that usually persists through the summer in the basin
of the gulf. The presence of a cold layer of water of this sort in the mid depths,
with ,higher temperatures below as well as above it, 'has sometimes been classed as a
surecriteri()n for Arctic water; This, however, is not necessarllythe case.· Trite,
such a state characterizes the polar seas in summer (Nansen, 1902; Helland-Hansen
and Nansen; 1909; Knudsen, 1899; Matthews, 1914); and wherever such a layer is
colder than -loin summer, as it is in the Labrador current and ,in the extensions
of the latter around the slopes ofthe,Grand:'Banks (Matthews, 1914; Fries, 1922 and
1923;K:H. Smith 1922to,1924a;,Le,Danois,'1924 and 1:924a) we have!positiveevi
dence of Arctic water, for nowhere else doeswin~~rcoolingalone cause temperatures
as low as this in the open sea on either side,oithe North Atlanticsout)l ofJatitude 60°.

H The tnean lll1llUaH,eIllperature is higher (aboul 10') at Boston than 'lit most other stations al'll1.U1d,ll1e bay.
II Calculated from dsta tabulated by Mavor (1923).
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However; a cold layer of this same sort, though: not sO 10w;iIl' tem~l'atur~ eanEiqually
be produced .in :anypartially 'inclosed boreal 'sea. All thll.tis teqaisite ::is' thlttrthe
surface layers be exposed to a rigorous winter clima-te;:liltemating withl'Bpid'sblar
warrhing in summer, over depths great enough toilliow a more or less Mn13tltn't :iw.
llowof warmer ocean water below:the level to' which winter cciolingpenetrates
(Bigelow, 1917,p. 237). ' '
" ' In the Baltic, for example, a cold layer' reminiscent of .the previous' will'tet"s
chilling persists at a depth of 50 to 100 metktrsuntil well 'into the suIrimer· (Knudsen,
1909) .Kriimmel,'1907, pA71; Witting, 1906); hilt increasingly active vertical circu;'
lation, which acaompanies the cooling of, the. surface after August,entirelydissipfriles
this stratum of low temperature there by late autumn, just as happens in the Gulf
of Maine. Thef()llowing,s~rial telllPeraturesJor .the Alland Deep (in the Baltic) in
winter, spring/summer, and autumn, are introduced for comparison with the
QuIf qf Main.e.68

February May August ',November

Surface;•__ .~__ •__~. ._. '" _, __••_._. _._. ~_c • ~,._c. _~,_.__
100 meters • • • • _
2{iO meters • .~ll. l_ ••__ • .'c'" ."oJ " __ ' •__ .__.l •

·0.
0.1
2.4
3,,9

·0.
4.2
1.8
2.0

·0.
12.3
2.5
3./1

·0.
ILt
/1.3
4.0

A cold mid layer of the same· sort persists into the summer in the Black Sea,
where it is self-evident that cold Arctic currents play no partin thetemperatur.e cycle
and where, Mnsequently,.the low temperatures recorded at 60 to 100 meters in
August must be purely.the product of local influences, as Andrusoff (1893) h~s
~ointed out. ' '

With melting ice no more im:pOrtant in the Black Sea than it is}nthe Gulf of
Maine,69 the cooling agent chiefly respoJisiblemust be the loss of heatfrolll the sur-
face by radiation during the cold months.' .,

.'The general' account. oftempera.ture;: and'~speci.ally the temperature sections for
the western basin in successive mdnths;;(fi~. SY,makes itcle~r;that the cold layer
reCorded;in summermtha Gulf of.Mame reflMts:'the'persistetice of' the 10'W' tempera
tureto'which the wholel1pper 10'0 ttl 150 meters is chilled >m winter,but which is
obliterated by autumn, just· 'as happ'~ns' ill the' Baltic:'" No' connection a'ppea~s

on the profiles :between ,thed.evelopmentofthis 'cold layer in the western. side of the
gulf as the spring advance~, and the inrush of Nova ScotiaIiwater into' the eastern
side.70 "

" '. ' >' '. '. '", , ,,;:. ,',.I," :, " ','

.. From Krummel (1907, p. 471). after Witting (1906).
e'The northwestern bays and harbbrs of the Black'Sea (e. g.,' OdeJ'Sa Glilf and ){herson Bay) usUally freeze over partof tbe dole

8JliC)hwjnter;bl,lt Ice.v\lfY seldQm ellteJl.ds more~1lJj\ Zor 3 rilIJes seawar4. aJl.Q.e'\"\ln. these sha~low areas ollow,sailniJiy are sometl,mes
open all winter, while the open sea south of the,Crl~ean peninsula neVer. freezes (British. Admi~alty,1897).. CQnse,queptly the
amoUtit otlce that actuaUy melts in theB)ack Bea proi>ereach spring Is all small tbat we can bardly suppose It'has any appreciable
.llllot on sea temperature there. " ., '. ,.....,,' ;" . ' . . " . ,>; J

TOrn an earlier report (Bigelow, 1917) I referred to the Gulf ofSt.:Lawr\lnce as a ther~alexampleofthls same s?rt;but HU~ts"
mall's (1924 and 1925) morereeent 'hydrographic studIes Indicate a greater thtlo'woficy 'water from 'the' Labrador curtent through
the S'rll!~s 9f J;ielle,Isle thanl;law~'.s {l907and 1913~41arllerobser,\"atiol,ls,Of tb,estrlll,t Ijad.su',ggested., ConseqUently, ,thepe(i""
slstence Into the summer of the minimum layer there, close to O· In temperature at about 100 meters' deptb, results at least in
p"rt fromtbe cold water flowing In and'from the.meltlng of the Arlltw Ice whlchthlsbrln~ wfthit In winter a,ndearly SJilrlng, 8lI
well as from winter chilling and the melting or Ice frozen locally within the Gulf of St. Lawrence.
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, The evidence just outlined leads to the conclusion that the Nova Scotian water
flowing into .the Gulf of Maine from the eastward in.spring does not lower the gen~

eral temperature of even the coldest localities and levels in the gulf more than i&

degree or two below the values that would prevail were the gulf as nearly inel0se4
as. are the Black Sea or the Norwegian fjords. Nevertheless, the Nova. Scotiaii
current does act as a decidedly effective cooling agent, for without 'the cold
water from this source the comparatively high temperature of the slope water, of
the surface inflows from the region off Browns Bank, and of occasional overflows of
tropic water(p. 836), would hold the gulf several degrees warmer than it actually Ut,
These warm sources the Nova Scotian current counteracts, and in counteracting
them it has its chief thermal importance in the Gulf of Maine.

THERMAL EFFECT OF THE SLOPE WATER

Were the gulf an inclosed basin, with little or no inflow overits floor, we should
expect to find its bottom temperature certainly no higher then 5° to 6° and proba
bly as cold as the mean annual temperature actually is in the deep sinks in the
western side of the gulf, namely 4° to 5° (p. 688). In reality, however, we have only
once found the bottom water in the basin of the gulf colder than 4° in depths of
175 meters, or deeper, at any locality, season, or year.71 Only 4 out of 64 deep
stations in the basin have given bottom readings lower than 4.5°. On the other
hand, 26 have been warmer than 6° on bottom; and the bottom temperature for all
as deep as 175 meters has averaged about 6°, or 172° warmer thanthemean annullil
temperature at the 100-meter level aro\lnd the shores of the gulf and 2° warmer
than the mean bottom temperature in the trough of the Bay of Fundy. The high
salinity, coupled with the precise temperature of this bottom water, identifies it
beyond dispute as slope water flowing in along the trough of the Eastern Channel
(see discussion p. 842). The slope water, then, brings warmth to the deeps of the
gulf sufficient to raise the bottom temperature of the basin a degree or two higher
than would be the case if no such current flowed in; consequently it must be named
a warm current as it affects the gulf, nota cold one.

The physical charlicteristics of the slope water, as it. drifts inward along the
bottom of the Eastern Channel, have proved so uniform from season to season and

.from year to year (temperature about 6° to .7° and salinity about.34.6° to 35° per mille
in spring and summer) that. the causes for the variations recorded in the temperature
and salinity of the deepest water within. the gulf are to be sought in fluctuations in
the volume and velocity of the inflowing bottom drift rather than in variations in
the temperature or salinity of the latter. Such fluctuations, in turn, almost certainly
have a two-fold cause. In part they result from corresponding variations in the
amount of slope water being manufa.ctured along the continental slope to the east
ward shortly prior to the date of observation,and in the proportional amounts of
the various waters,cold and warm, that enter into its composition. The seasonal or
or other secular differences in the denSity gradient over the continental slope from
Browns Bank to La Have Bank, however, probably playamoreimportantr61ein

It Bottom temperature 3.54° at 180 meters at station 10283 of! the Bay of Fundy, June 10,1915.
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this connection by governing the Archimedian force that tends to pump the slope
water westward to the Eastern Channel and so into the Gulf of Maine, This works
most effectively in spring and early summer, but fluctuates so narrowly from season
to season that only very narrow variations are to be expected in the temperature or
salinity of any part of the gulf deeper than about 150 meters, from season to 'season
or f!,.om year to year, or have actually been recorded there. _

'CThisuniformity in the physical state of the bottom water on the floor of the
deep trough of the gulf proves that the effects of the alternate seasonal warming
and chilling of the surface do not penetrate deep enough to obscure the dominance
of the slope water there;\butthe slight seasonal rise and fall of temperature that
has been recorded at the bottom of the deep sink off Gloucester and between
Jeffreys Ledge and the mainland (from which the slope water is barred by inclosing
rims too shoal for it to overflow) is evidence that slight (but measureable) winter
cooling and summer warming from above may be detected down to 200 meters, so
far as the depth alone is concerned.

It is because the slope water is warm, by comparison with the water with which
it mixes within the gulf, that the bottom of the latter is usually warmest in the
eastern side of the basin, at depths greater than 1'50 meters, where the inflowing cur
rent is chiefly localized (p. 921)<, coldest in the II sinks" in the inner parts of the gulf,
from which the slope water is more or less effectually barred by submarine rims. I

The following differential table shows that the slope waterha\ little effect on
the deep temperature in such situations, as exemplified by the sink off Gloucester
and by the trough between Jeffreys Ledge and the Isles of Shoals. This generaliza
tion applies also to the Bay of Fundy, from which most of the slope water is deflected
by the topography of the bottom. In summer find autumn, it is true, the 175 to
200 meter level may be as warm within the bay (6° to 7°) as without; but low salin
ity proves that this high bottom temperature chiefly reflects the active convectional
currents of the bay by which solar heat received at the surface is dispersed more
evenly downward there than it is anywhere else in the gulf in water equally deep.

Depth, mete1'8

Cape Ann bowl, deepest level
taken

Basin outside, corresponding
level I

Date Station Temper·
ature Date

·C.
160•••••••••••••••••..•__._••••••••••••••••••••••••••. _•• Mar. 1,1920 20060 I. 68 Feb. 23,1920
160.•_.·.•••.••••••••••••.•~••••••••••••••••••.•••••.•.•• Apr. 9,1920 20000 (.) Apr. 18,1920
120•.•••••••••••••_ : ••.••••••••••••••_._••••.•••de ••••".. 20000 2.2ll •••••do ••._•••
130•••••••••.••_•••••••..•••••••••.•••••••••••••••• _.... May 4,1916 10266 3.M May 5,1915
no_•..•......__ _ :.••.•..••.•".•........,. July 10,1912 10002 4.61 July 15,1912
128 .•••••_••••• _•••••••••••••••••••.••••••••••••••••••••• Aug. 9,1913 10087 6.17 Aug. 9,1913
1110•••••••••••••.•••••.••••.••..•• _•.•••••••••••••••••••, •••••.•••••••••••~•• _•••••••••••••••••••_do ••.••••
140••.•••.••••• __ ••••••••••••.•••••••.•••.•_............ Aug. 22,1914 10203 4.49 Aug. 22,1913
140••••••••••••_.•••••••••••••.••••••••••.••••• _•••••••••••[ Aug. 31,1915 10306 5.78 Aug. 31,1915
120.•••••_ Oct. 31,1916 10399 5.2.3 Nov. 1,1916
150."••••••••.••••••••••••·••••••••••••••••••••••_••••••,. Dec. 29,1920 10489 7.00 Dec. 29,1920

I

20049
20116 •
20116
10267
10007
10088
l00Rll
102M
10307
10400
10490

·C.
6.66
6.38

±3.1IO
4.69

±4.61
'±6.60

6.28
±6.30
±lI.I0
±4.4O
±6.00

J The table shows only the differential existing on the given dates between the deepest level, where a reading was teton
within the bowl, and th8 corresponding level in' the basin outside. It does not represent the seasonal cy~le for the latter beeal181l
of the difference in levels from station to station. .

lIllO-meter reading not taken.
'130 mete1'8.
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;; Furthereyiqence, that slope water is oflittle importanceinth.3.thermaleydeidf
t4e.Bay.of Fundy results from the fact that. we fouhd the2004neterlevello coldm
(4.3?) wit4in the Ia..tter thanjustoutsilie.(5.4°) in March, 1920 (stations 20079 and
2Q081,), with a corresponding differenc.e dn>salinity. A reading of1.71° ,reported,by
Mavor (l923)at 175 meters in the bay on April:.9, 1917, is .colder than the coldest
reading so far obtained anywher~ in the open basin ~f the gulf, ate this depth.

The deep readings for different times of year warrant the followinggeneraliza
tions:Atdepths greater than 150. meters the temperature ismost.nearlyuniform
through the year ip. those parts of the.gulf which the slope water reitchesingreates~

volume, and shows itE! wideE!t seasonalfluctuatidn in the partially indosedbowlsthat
re~eiveJeastwater from this .source." Were it not for this deep current flowing iIi, the
floor of the gulf would be several degrees '(perhaps 3~,to 4?) cooleI'm winterthanUl
actually the case, and its mean for the year slightly lower. The bowL off Gloucestex
and the trough west Of Jeff:reysLedge ,show> the nearest approach to the thermal
state that would prevail in the gulf were it neither'open to the' infl<twing bottom
current nor stirred by such-strong tides as thos~dhat.disturb its eastern side.

The thickness of the ,bottomstrattim where temperature is governed by the volume
and precise physical characters of the slope water is of interest. Its upper boundary.
in the inner part; of .the basin of the gulf may be set tentatively at- about the 150..
meter level, rising to within 80 to -100 meters of the surface in the sOlltheastern part
at the entrance to· the Eastern Channel. On the other hand, the deep temperature
is most influencedfrorn above Where tidal o;r othel'·convootional stirring is most active.

W(NTER' CHILLINd. ,

Abyssal upwelling, ;asl hav8shown (p. 853), is barred ,out as a possihlesource of
aut-qmnal co'Qlip.g,iw the ,Gulf of Main<k i His equally certain thakthe Nova Scotian
c'\!rrent usually aerVes as a eooling agent in .the gulf only:in thespl"i.Ug, be.cause none oi
qUl' qbservationsJor autumn or winter suggest that progression ofcooling from east
to west .across the gulf, which would reflect any inflow of cold witter past. Cape Sable
at that season. We must therefore credit the very rapid loss of heat which the Gulf
of Maine suffers in autumll, and winter. entirely to local causes, chiefly to the radia
tion of heat out from the surface to and through the colder air above it; to evapo
ration; in less degree to the melting of the snow that falls on the sea; and, locally,
tei'the melting of ice.

The warming effect of the sun's rays is combatted the year round by local
infiuences tending to reduce the temperature of the water or as least to retard ver
nal warming. Evaporation from the surface, for one thing, 'llsesiIp heat, thus cool
ing the'water (p.680). Furthermore~ the heated surface radiates heat out into the
ail:' wheJ1ever the'temperature Of the latter drops below that of the water, even in
spring and sumfu.er.

The solar energy absorbed by the'. water is Il10re than enough to offset these
force~ up to mid or late August; consequently the temperature of the surface of all
parts of, the ghIfcontinues to rise. However, ,the amount of solar heat daily absorbed
by the water, at its maximum when the sun is at its highest declinatiein,is constantly
decreasing after June 22 to 23; and after a certain date toward the end of summer
or early in autumn, a date that varies regionally, as described in an earlier chap,ter
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(p.636), the surface chills. At. first this chilling chiefly reflects the convectional mix
ing of the upper stratum, by which the substratum is warmed, in proportion' as the
surface is cooled, combined with the effects of evaporation from the Surface.· ,;Mean
time the mea.n temperature of the whole column of water continues to rise.slowlY,-at
first,. then rema.insstationary for a time as the sun continues to lose strength. At
the mouth of Massachusetts Bay, for example, the mean temperature of the upper
40 meters was slightly higher on August 31, 1912 (station 10045, about 12°), than it
had been on July 10 (station 10002, about 11°), although the surface had cooled from
18.3° to 16.1° in the interval. In 1915, too, the mean temperature of the upper 100
meters remained virtually unaltered at the mouth of the bay from August 31 to
October 1 (about 8° at stations 10306 and 10324), although the surface temperature
fell from 16.1° on the first date to 10.3° on the second, and the mean temperature of
the upper 40 meters from 11° to 9°. In fact, it is doubtful whether the column of
water, as a whole, actually commenced to lose heat at the mouth of the bay before
the end of that October (p. 638). In 1916, again, the mean for 80 meters was about
1° higher near Cape Cod on..October 31 (station 10399, about 7°) than it had been
at the mouth of the bay near by on July 1:9 (station 10341, about 6°), the 80-meter
temperature having risen in the meantime from about 3.7° to about 5.8°, though the
surface reading had fallen from 16.4° to 10°.

Thus, the heat received from the sun is sufficient to balance the loss of heat by
evaporation and by radiation at night, when the temperature of the air is cooler than
the water; until the date when the mean temperature of the air falls permanently
below that of the water, so to continue through the autumn and winter. Thereafter
the upper 100-meter stratum of water constantly loses heat, no longer merely simulat
ing this loss by convectional equalization. As this loss of heat is chiefly the result
of radiation, out from the water into the air, the efficacy of this process desetves
a word.

Although warm winds, as we have seen) heat the water below them to only a
small degree, and .slowly, because of the very' much higher capacity of the latter for
heat, cold winds, on the contrary, chill the surface ofa.ny body. of water, fresh or
salt, very rapidly because dry air is extremely transparent to radiation, eflpecially
to the long wave lengths (Abbott, 1911; Hann, 1915). Because of this Hdiathermacy,"
and because water is a good radiator,72 the surface radiates outi very large amounts
of heat from September on, whenever the air is cooler than the water, dry, and the
sky clear of clouds, fog, or mist, very little of it being absorbed by the lower stratum
of the air.

The greater the difference in temperature between the air and the water, and
the drier the air, the more rapidly does thewaterlose heat in this way. When the
air is damp, or the. sky clouded, the radiation from the surface .of the sea is inter
cepted by this water vapor, so that the water loses heat slowly under such ciroUJl;l
stances even if the temperature of the air be considerably the lower. It happens,
however, that the humidity rules low and the sky usually is clear during the coldest
winter weather of New England arid of the Maritime Provinces, especia.lly'at riight.
Consequently, other conditions most favor radiation. just when the differential

II Schmidt (1915) found about 83 per cent as much radiation from a water surface as from a black surface. .
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between sea and air temperature is widest, as it is from November on through
the winter over, the Gulf of Maine (p. 671).

Water itself is so opaque to radiation that only the thin surface film that is aetu~

ally in contact with the air loses heat rapidly when the air is the colder of the two,
for it effectually insulates the deeper' strata. Consequently, the rate of radiation
from water to air depends on the activity of vertical circulation; .. the more actively
the water is stirred by tides or waves, and the more constantly; the surface layer is
replaced by water from belo.w, the more rapidly will the cohimngive off its heat to
the colder air and ,so cool off with the advance of autumn and winter.73 For this
reason it would be reasonable to expect the gulf to reflect the autumnal cooling of
the air most closely where tidal stirring is most· active, and temperatures taken by
Vachon (1918) in the St. Andrew\ region in 1916 prove this to be the case.

The coldest winter winds of the region blow from the land out over the gulf, and
these cold westerly winds predominate in the western side of the gulf during the three
winter months (p. 965). Consequently, the water loses heat most rapidly in the coast
wise belt around the western and northern shore of the gulf, over which a fresh sup
ply of icy air from. the land is constantly passing, as long as the cold winds blow from
the quadrant between north and ,west. The wind, in turn, is warmed by the absorption
ofradiant heat from the surface of the water in its passage over the latter; for although
the lower stratum 'of air absorbs but a trifling percentage of this total radiation, its
capacity for heat is so low that but little heat need be intercepted by it to raise its tem
perature considerably. This interception is favored, furthermore, by the increasing
humidity given the air by the evaporation that is constantly taking place from the
surface of the water. The result is that by the time the air has .traveled a certain
distance out from the land, its temperature rises so close to that of the water, and the
air is made so humid, that the sea. loses heat by radiation but little faster than it
gains heat from the sun, even in midwinter.

In any sea exposed to a rigorous air climate,winter chilling may be expected to
proceed much more rapidly in inclosed harbors, among the islands, and close in to
the land generally, than it does -only a few miles out at sea. This general rule is
exemplified in a typical way by the Gulf of Maine, where the stations closest to the
land have proved considerably the coldest in late autumn, winter, and early spring.
The thermal history ofMassachusetts Bay during the winter of 1924-25 affords a good
example of this. '

Storm winds also hasten the winter chilling of the water by the stirring action
exercised by the waves, which may reach down to very considerable depths at this
seaso.o, when the water has little vertical stability. In severe winter storms the
whole ,upper stratum, 100 meters thick, maybe mixed in this way and a constant
supply of new water thus brought up to the surface, thereto give off its heat to the
icy air.

Were vertical stirring not so active in autumn, the immediate surface would
cool off even more rapidly than it actually does, and the whole coastwise belt of the
gulf, if not the entire area, would freeze over in winter. At the same time, however,
the surface· film would inte:rpose so effective a bamerto the radiation of heat upward

n See Nansen (1912) for an lI1umlnating discussion of the loss of heat frolD thnurlaceottbe Northern A.tlantlc In winter, and
on the extent to which this IS governed by the freedom of vertical circulation.
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from ,the: deeper strata, by its opacity to this process (p. 694),that'llhewater 'only ,&
meter or two down would lose heat much less rapidly than happens in reality, 80

that the 20 to 30 meter level probably would not show enough cqolingdurip.gthe
winter months 'for the, change in temperature to be measurableonour ordinatYdAAP~
sea thermometers.

Actually, however, vertical circulation is most active during the cold half of the
year; consequently, the muing of the various strata of water is constantly bring~

up fresh water lrom below, to radiate its heat oU,t into the atmosphere. Thef/tcti
that the upper 100 meters, or so, cools off so uniformly during the winter, instead of
only a thin surface film, is therefor\wholly the result of convectional movements
of, the water particles, induced either mechanically (by winds or tides) or dynami;,;
cally, if the surface water so chills that it becomes heavier than the underlying layer,
which, however, seems never to take place in the open gulf (p. 929).

The rigorous climate of northern New-England and of the Canadian Province
of New Brunswick so ppOfoundlyinfluences the ;seatemperatiIre of the Gulf6f
Maine that the ,following' tables of·,- ,the airtemperatures<at stations b'ordering the
gulf may be ofinterest?4 . , "

Normal air te~peratur~B (Fahrenheit) _

MOI).th

LoCality
Janu- Febru: March April May June

ary ary
sep-o No- De-

July August tember ctober vember cemPer
--------1------------------ ------------------
Boston_____________________ 27.0Portland ... ,_____________ 22.0
Eastport . 20.1

28.0 34. 5
23.8 32.0
20.4 28;9

45,3
43,0
38.3

56.6
53.5
46.9

65.8
62.6
54.4

71.36,8.0
59;8

68.9
66.2
59.7

62.1
54.2
55. 2

52.3
49.146.6

41.2
37.6
36.8

31.6
27.125. 3

M6an tVintertemperatuT/!It ClF.tVith departUT/!B from normal (J. W.Smith; JBtS-lOSl)

1911-12

December January February M:,aroh

Locality
Temper- Depar- T\lmper' ':i:>~par- Te/%lper- Dep8r- Temper- DeW-

atilre ture atute ,'tl1te . "!ltiJre ture ature ture

-'-------------1------,-,-....-,-.. -:--.}'--'----I----'- ----.~

~~O~d:::::::::::::::::::::::=::::::::::::::::::::::: ::::::::::Eastport . _
-6.6
--6. 7,
-5.8

27.7
23.2
20.4

-0.3
~.6

-1.0

36. 0
30.2
28.8

+1.0
...1.8
- .1.

Bostonc c 1
Portland _
Eastport__• ~-.-------- , , _

1914-15

,
39.. al +12.3,1'a1.6 + 9.6

.27.8 + 7.7

27;7121.0 '
17.2

-0.31-2.8
-4.2

42.4135.2
32.0

+7.4
+:1.2
+&1

Boston. . c_-- -.----c_1Portland . _

Eastport ~__.---------------,------ .

1l.Fl'om the U. S.Weather Burew.•

-1.21-2.7
-1.7

33.0126.4
, 24.6

+6.01+4.4,
+5.6

33.2/28,4
27.6.

+5.2./+4.6
+6:2
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At!ean winter temperatures of, with departureslrom normal
191ft,-16

(J. W. Smith, t919-JOSlh-Continue<!

Boston---------------------------------------�Pol1land
r

_
Eutport c

Boston woo, "__OW, ow, ~I

~=~::::::::::::::::::::::::::::::::::::~

~Ul29.6

28.
8

122.8
20.0

+2.61+2.3
+4.3

1919-:-20

-2,.81-4.3
-5.3

33.0, 'I26. 6
22.6

1,1.0 Il4.6
11.5

+6.0 I+4.6
+2.5 '

-0.6"1-7..4
-8.6

" , ~

25'5120.6
19.3

27·°122.2
21.1

-,2.,°1'--lj;2.
-2.1

-0.41
~t

30.6,126. 8
24.6

39.2134. 6
30.4

-4.4
-3.2
-4.3

+4.2
+2.6+1.5

Boston.. -------------- IPortland. " -- _
EBBtport • • __• ._.__ 35.6 'I27.827.5

19~21

+4. 0 \ "1 , 1 . \ .__1----------1··--------
t~ ~ :::::::::: :::::::::: :::::::::: :::::::::::::::::::: ::::::::::

The diagrams of air and surface temperature at Glouoester and at Boothbay for
the winter of 1919-20 (figs. 29 and 30) show the temp61'a,ture of the water closely
foUowing that of the air in its10-:day fluctuations, and reflecting a loss of heat by
radiation more or less rapid as the difference between the temperature of air a.nd
water is greater or less.75

The loss of heat from the surface of the gulf increases proportionately from
November on, as the average difference between air and .water increases, a general
rule illustrated by the temperature cycle of Massachusetts Bay for the winter of
1924-25 (p. 651). The water continu~s to suffer a netlc;>ssofheat in this way until the
average temperature of the air once more rises abovethat'of the water, an event to
b~ expected about the tenth of Ma,rch (p. 668).

CHILLING EFFECT OF MELTING SNOW ,

Another cooling agent becomes effective from December until spring-namely,
the melting of the snow that falls on-,the· surface oftlle gulf. The amount of heat
taken from the water by melting snow is, of course, that required to melt an equiv
alent amount of ice; a fall of 1 foot of snow (a moderate snowstorm for northern
New England and the Maritime Provinces) would represent approximately 1-1~

inches of ice, more or less according to the quality of the snow.
."Thenormal snowfiill, by months., for the lands bounding the gulf is tabulated

below from data supplied by the United States Weather Bureau; also the actual
snowfall for representative winters since the oceanogra,phic investigation of the gulf
was undertaken:

Normal snowfall and its equivalent in water, both given in inches

November December January, February March April

Locality Equlv- Equtv- Equlv- Equiv- Equlv-Equlv-
Snow alent Snow alent Snow alent Snow alent Snow alent Snow ' alent

water water water water water water

----------------------
~gsrtlTnd:::::::::~~:::::::::

0.6 0.08 5.8 .0.55 9.7 0.87 13.7 1.23 9.0 0.87 3.7 0.,46
3.6 .64 10.8 1.70 16.0 2.'32 20.~ 3.02 11.7 1.82 4.2 .78Eastport_.__c__•. ______•__ 3.4 .40 11.7 1.26 11. 6 1.'72 19. 7 1.90 13.9 1.28 '10.1 1,04

Yarmouth, Nova Scotlll••_. 4.0 .40 14. 4 1.47 20.3 2.03 21.8 2.18 13.3 1..30 5.6 " .50"

"The air temperature of the coldest days was many degrees below the lo-day averages"shltWuOn''the diagrams, OfteJi 100

colder than the surface of the water.
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Snowfall, in'inchea

WINTER, 1912-13

697

Locality November December. 'January Febr,nary . ~arch, ' 4.wn '
, ", " ..', '.' ",," ..\ ..BostoD •__ • • _
PortlaD(L ~. ~ ~"__• •__•• __•__ .~ ....:_.._..
Eastport ._.__ ••• • • •••_-••-----
Yllntlonth, Nova Scotia __~. ••••••_••••_. _,__•• ~J..l

0.3
:(1)
2.0

.1:142

WINTER, 1914-:-15

9.2
4.7
6.9
7.7

0.3
5,0
7.9
1.2

7.7
14.1
14.6

'16.3

0.5
5.1
9.3

, S. 5

1.4
1.11
3.7
1.1

iJoston ._'. • • ._._. •__• _

~~~C~:::::::::::::::::::::::::::::::::::::::::~::::
Yarmouth, Nova Scotl!l._.~----••---•••-.-__•__._.;_••

(I) ,
i·4,
4.5

,4.1

, 4.1
8.1,

, 9.0'
15. 3

'7.0
1.9

12.2
10.2

5.1
10.5
'10.3
, 7.2

(1) -----_ ---.--0. 8 _. •__
4.8 • _
2. 5 _.__•• ._

Boston_._. ._. • • • ~~._~__• .;__.l••_.__

~~~~~r'i:::::::::::::::::::::::::::::::::::::::::::::
;Yarmouth, Nova Scotia ------------••••------.--.--c,-"

0.2.
(I)
'{I)
3.0

'6. 7'
12.1 '
4.4
6.1

4.8
12.2
14.9
21.3

30.3
20.2
111; 8
29.4

33. 0
36.3
14.7,
53.4

605
i·9
4.2
L7

WINTER, '1911l-20

BostOD·C_· __ -------- ----.-.-.- --••---.-••••-.-••-··c··Portland • •••__: __ •__• .:__._

~=~~h:NO;;B·Sooiia::::::::::::::::::::::::::::::
t' ' .

I TraQ8

0.2
2.7
1.9
2.4

2.9
4.3

16.9
13.6

24. 8
24.2

" 2Q. 2
28.0

32. 5
'44.6'
,37.2

15.2

1,1.0
13.6
14.2
3.7

2.0
0.3

13.7
8.0

On the average, the coastwise belt of itbe gulf annually receives' a blanket of
,snow aggregating about '42 inches in thickness off Boston, 66. ,inches at Portland I

76 inches off Eastport, and 79 inches at Yarmouth, Nova Scotia: Translaied
roughly into' terms of ice, this means 4.5, 11, 8.5, snd 9 incbes, respectively, or 'an
equivalent of about 8 inches of ice as the mean for the coastwise belt from" the
landoutaborit :to the 25-Iriet'er contour. ,'Farther out from the shor~a'larger pro"
portion of thewinter'spredpitation comes 'down as rain, l~ss as snow, but no Irieas
urements of the snowfall have 'been made at'any Offshore station iIi the gulf.

As to melt 1 kilogram of ordiIiary fresh-water ice requires heat enough to raise
tbe temperature of 75 to 80 kilograms of water by 1°,76 melting 8 inches of ice will
take heatetiough from the Water to cool a stratum 12 to 14 meters thickbyabout 1°;
and probably this is a fair measure of the average cooling,effect of snow falling on
tbe coastwise beltof the Gulf of MaiIie within 5,to 10 milesiofthe land.'

CHILLINCEFFECT OF1'4,ELTING U;:E

The meltiJ;lg of floatiIig ipe iIi high northern and, high southern latitudes ei~rts 8.
potenteffectupon the' distribution'of tempe~ature77iIithe Notth Atlantic; andtbe
meltiIig once; whether' fr,ozenJocally or ofArcticorigiIi (1):'689), is the,most'lio'~ht

: , ,. . - - -- • - • - - - . - - • . '- - - j -: ~ - : - - - -, - : --- • " - , - ; - ; , ; ,• '. - , - • ., : - ;;' j • ;

!'Recent meastll'en1ents place the latieDtheatof fresh.lwater'Jce between: 75 and SO.3 calOl'les. (KIi1IDJI1e1"l007, ti.;lI07.) ':' :; ':'
n Salt-water Ice Is less ellectlve aa a cooling agentthanf~-waterIce.(tIoe Ice, tbatls, than berg Ice), ~C!lpse ,~,~ten,~ !lll!I~~

melting Is somewhat lower. PettorsoD (1883) gives this' ail approximately 52 to 53 calories for Ice frozen froni water ofliDoiifthe
salinity of the Gulf Maine.
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factor in producing the low temperature of the mid-layer of the Gulf of St.
Lawrence.

The chilling effect of ice melting in the Gulf of St. Lawrence, and to a greater extent
of the drift ice melting over the BinqUereau-Sable Island Bank region is, in turn,
brought indirectly to the Gulf of Maine by the cold water flowing westward past
Cape Sable in spring and early summer (p. 832); but no ice, either of Arctic or of
St. Lawrence origin, has ever been known actually to enter the Gulf of Maine
though pans (almost certainly from the latter source) do rarely drift down past
Cape Sable along the edge of the continent or outside it. Consequently, as the
surface of the open Gulf of Maine never freezes, ice melting in situ plays only a
very subordinate role in its temperature complex, except in its shallow and mote or
less inclosed bays and among the islands that skirt its northern shores.

Cape Cod Bay offers an instructive example, on a small scale, of the effect that
melting ice exerts upon the sea temperature, for more or less ice freezes over the flats
along its western side nearly every winter. The greatest amount forms during heavy
blows from the northwest, when it may stretch out 2 or 3 miles from the shore and
pack several feet high along the beach. When ice has so formed, easterly winds and
high tides soon disperse it; and, according to the United States Coast Pilot (1912,
Part III, p. 59), "instances are on record of this ice, and that forming in the shallower
parts of Cape Cod Bay in severe winters, being driven by the winds out into the bay,
where it masses into heavy fields or windrows, sometimes as much as 10 feet armore
thick, making the navigation of parts of the bay unsafe or impracticable at times."

Unfortunately, no observations were taken in Cape Cod Bay during the ice
season of thea.lmost Arctic winter of 1919-20, or until April of the succeeding
spring; but in 1924 a considerable amount of ice formed along the west shore of the
bay, between the 20tha,nd 26th of December, during a spell of very severe weather
(p. 655), and the temperatures taken by the Fish Hawk o.n January.6 and 7, 1925,
showed the effect by a drop in temperature at the near-by station (No.7) from
about 4.3°, two weeks previous, to about 0.3 0. Ice chilling was also reflected still
more clearly in.the fact that the water was colder just off Wellfleet Bay (station 7)
than anywhere else in the southern part of the Massachusetts Bay region on that
date, as is described above (p. 655).

The sea ice that freezes in greater or less amou:Q.t among the islands along the
coast of Maine in all but the warmest winters must also. exert a local chilling effect
OIl the water as it melts, but no measurements of this have yet been made.

In severe winters, when much ice forms in Vineyard Sound, most of it reported
to drift out to the eastward past Nantucket, melting ice must lower the tempera
ture of the Nantucket Shoals region indirectly or directly. Here, again, however,
definite dat,a are lacking.

Ice is. also an effective chilll:Q.ga,gent in shallow bays such as Barnstable and
Plymouih,for the flats,lai.d bare at low tide, skim over with ice on cold winter days
or nights, which melts when the tide floods a,gain. This is one reason (active tidal
circulation is another) why such situations serve as centers for chilling in winter,
just as they do as centers for warming ,in summer.
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THERMAL EFFECT OF THE RIVER WATER

The great volume of river Water that pours into the gulf every spring, at .&

temperature only a few degrees above the freezing point, when the ice goes out of
the lakes and the snow melts, inust tend at first to delay the "'ernal warming of the
gulf. However, no attempt has yet been made to estim&te its actual effect.

SUMMARY OF THERMAL· DETERMINANTS

The interaction of the several major factors that govern the temperature of the
gulf is so complex that. a summary of them may be useful.

It is definitely established that the gulf owes the particular temperatures
proper to it,. an~ especially the wide seasonal range. of temperature, chiefly to its
geographic location.to leeward of the continent and to the rigorous lan~ climate.
Only in a much smaller degree is it influenced by warm or ()ol~currents flowing
into it. ... .

Our successive cruises an~ the observatlQns. taken in the Bay of Fundy by the
Biological Board of Canada, therefore, corroborate the view long ago advanced by
Verrill (1874) that the waters of the Gulf of Maine are not abnormally cold, con
sidering their geographic location and the rigorous climate of the neighboring land
mass; that, in short, to describe its temperature as HArctic," as has so often been
done, is entirely a misnomer. .

The ()hief source of warmth for the superficial stratum of the gulf is the solar
heat absorbed by the water in situ. Vernal warming is therefore chiefly of loc~
origin. The rapidity with which solar heat is dispersed downward in the water
and the depth to which it penetrates depend on the activity of vertical circulation,
whether by tides, winds, storm waves, or dynamic overturnings; and the regional
differences in the temperature gradient, which develop in the gulf in summer (Mas
sachusetts Bay at the one extreme, the Bay.()f Fundy and Nantucket Shoals at the
other), result chiefly from differences in the thoroughness with which the tides
churn the water.

The low surface temperature that prevails along the eastern coast of Maine and
in the Bay of l!'undy in summer, as contrasted with the Massachusetts Bay region,
is chiefly due, therefore, to local causes and not to the" Arctic current " that has so
commonly been invoked to account for it.

The surface stratum of the gulf likewise receives heat from warm winds blowing
over its surface, from surface water drifting into its eastern side from the region of
Browns Bank and the Cape Sable dead water, and also, at long intervals, from over
flows from the tropic water outside the edge of the continent.

Vernal warming is opposed by the Nova Scotian current flowip.g from the east~

ward, past Cape Sable, into the gulf. During. the brief period when at its maxi
mum, this current may lower the surface temperature by a .couple of degrees right
across to the western side of the basin, .thus temporarily producing a regional differ
entiation; and it considerably delays vernal warming in the eastern side probably
every year. However, this.cold drift is so thoroughly. incorporated into the water of
the gulf soon after the actual flow past the cape slackens that. no regional differenti7'.
ation from this source can be traced definitely in the.gulf after midsummer. Neitp.et,:
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is its general temperaturetn8ide more than 20 00:30lower than woUld be the case if
the gulf were entirely, barredto currents,coldorwlJ,rm; but the chilling effect of the
Nova ScotiaI,l,,:currentis more important' than thiiS bald stateIlle,nt suggests, for it
counteracts, by ~'Veral degrees, the effect of the warm sources: just mentioned. ,;

Autumnal and winter chilling, so conspicuous a fe~tul'e of, the gUlf, results
primarily from the loss of heat from the surface by radiation, after the date when
the mean tempersttir&ofthe' air falls ,beloW' that ofthewa.ter;'n~thercold currents
from the north nor upwelling from the oceanic abyss have any major part in it.

Snow falling' and melting on the' sudace is' also 'a cooling agency of some effi
cacy; so, locally, is melting ice in Cape Cod Bay and among the islands' ahmgthe
coast'of Maine~' River drainage, by its low temperature in early spring, also tends
to ret!).rd vernal warming. Evaporation from the surface also t'endsto chill the watei
throughout the year, accoulltingfor a probable ~oolingofthemeantemperatureo~

the upper 50 :rn.etersby 50 to 60. , :
The temperature of the superficial100 meters of water is governed chiefly by

these climatic '(including solar) influehcesfroill above, by the thermal effect of the
infldW;s into the eastern side of th~gulf" and by the chilling effect of evaporation
from the surface. '

The cold laser that persists in the basin throughout the summer at a depth of
100 to 150 meters in most years is si:mplyreminiscent of the lowest temperature to
which this level chilled during the preceeding winter-not of an Arctic current.
This layer 'is colder than the deeper water in most summers because the temperature
Of the latter is determined chiefly, not by seasonal ~limatic influ~llces, but by the
volume of the warmer slope' water' flowing in through the eastern channel, and by
the course that this current follows inward along the two branches of the trough of
the gulf. If the inflow of slope water is smaller than usual,or cooler, the summer
temperature of the inner part of the basin is virtually uniform,+ertically, from'
about 100 to 150 meters down to the bottom,as wasJhecase in 1912.

It is not yet possible to estimate, quantitatively, what thermal effect the slope
water has on the upper layers of water as it is gradually incorporated into the Gulf
of Maine complex. "Any increment from this source' will tend to cool thesudace
stratum in the summer but to warm it in winter and ~arly spring.

The chilling effects of the rigorouS' winter climate of the land mass to the west
and of the Nova Scotian current, balanced againi$tsolar warming plus the warming
effect of the slope water and of the surface indraftsfrotn the: Browns Bank-Cape
Sable deadwater region, maintain a comparatively constant stltte in the gulf from
year to year; but it is easy to see how anyone of them, if more' or less effective
than usual, might profoundly influence its waters. In attempting to determine the
causes of such f1~ctuations as have been recorded, the evidence of salinity, as well
as of temperatUre, must be weighed.

'Unusually high summer temperatures,with normal, salinity, might r~u1t either
frpma mild winter'preceding, from unusually rapid solar war:rn.ingduring the
spring, or from a s:rn.aller increment from the Nova Scotian current than normal.
IfJih t(lmperature, with very high salinity~ would point' either to an unusUal ,inflow
of ,slope water during thept~cedingwinteror to~me of therare overflows of' tropic
water' (p. 836). Abnormally to'w'sumniet temperatures, with normal salinity', would
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naturally follo~ any cold winter. or spring (cases in ,point are 1916 and 1923)~1f
'coupled with unusually low salinity, an unusual extension of the Noya Scotian current
:would be indicated, though this same state might result from a cold winter followed
by greater river freshets than usual, a combination not unknown. Abnormally,IQw
,summer temperature,. coupled with high salinity, would result if more slope water
than usual was then 110wing into the gulf and if it was being incorporated. with the
overlying water more .rapidly than usual.

Temperatures and salinities lower than usual along the outer part olthe continen
tal slope abreast the ,gulf in summer would be conclusive evidence of som~unusual
expansion of water from the northeast, such as seems actually to have occurred in
·1916 (p. 848). If combined with very high salinity, very low temperatures along
the edge of the continent would be good evidence of some upwelling from the abyss;
and although no upwelling of this sort has come under direct observation off the
GuJ.fof Maine region, or seems likely to occur there, events of this sort would have
such a wide-reaching effect on local hydrography that strict watch should be kept
for them.

SALINITY7~

GENERAL SUMMARY

The account of the salinity of the gulf may commence, appropriately, with a
brief summary, both because the general reader may find in it information sufficient
for his wants and to serve as introductory tq the more detailed description.

The Gulf of Maine falls among the less"saline of inclosed seas; the salt content
of its waters averages very lDuch lower, for instance, than that of the Mediterranean,
somewhat lower than that of the North Sea, but higher than that of the Baltic. A
close parallel to the Gulf of Maine, in salinity, is to be found in the Skagerak, con
necting the Baltic with the North Sea. This relationship was to have been expected
because the continental waters along the northwestern margin 01 the Atlantic are
decidedly less saline, as a whole, than on the European side.

Oompared with the Gulf of St. L~wrence, the Gulf of Maine shows slightly the
'higher mean salinity at the surface; but the deep waters of these two gulfs agree very
closely in this respect, as they do also in temperature. .

Perhaps the most notable feature of the gulf, from the present standpoint, is the
abrupt contrast between the decidedly low salini~y (averaging only about 32 to 32.5
per mille at the surface and 32.8 to 33 perniille at 100 meters' depth) over and
within its offshore rim, and the very much salter (>35.5 pet mille) water of the so
called" Gulf Stream," always to be found only a few miles to the seaward of the
edge olthe continent. This contrast finds its counterpart in the temperature and
also in the color of the water.

The Gulf of Maine is also interesting for the wide regional variations in salinity
in its inner waters, where, in spite of its small extent, the extremes recorded (about
27 to 35 per mille) coVeI' a range wider than that of the entire Atlantic basin outside

11 In modern oceanographic psrlaI1ce the degree of saltness, or "salinity," of th,e sea water Is expressedllS the total we.lght.1n
grams, Of the solids In a state of solution IIi },OOO grams of water. This relationship" per thousand," or "per mille.... Is 'chosen
rather than the more famnar term "Percent," merely for convenience to avoid the constant USe of smaIl fractional parts.'
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the 1,000-meter contour. However, even such a range as this is narrow, as com
pared to temperature, for with the mean salinity of the gulf falling close to 32.5 per
mille the extreme variation is not more than 20 per cent. Consequently, I must
caution the reader that while emphasis is laid on these variations in the following
pages, they are actually so small, from seaSon to season and from place to place,
that their measurement requires careful chemical or physical tests. They could not
be detected by any human sense. To use a homely example, no one, I fancy, could
distinguish the saltest water of the gulf from the freshest by its taste, but no one
could fail to tell the temperature of winter from that of summer if C:1e dipped his
hand in the water or by feeling the spray on his face.

The gulf is invariably saltest in the eastern side of its trough and in the
'Eastern Channel, which connects the latter with the open ocean. It is freshest
in the coastwise belt along its northern and western shores and along the western
shoreline of Nova Scotia, as appears repeatedly on the charts of salinity for various
levels and seasons.

The fact that the water over Georges Bank (the shoal southern rim of the gulf)
is not salter than the basin to the north of it deserves emphasis because its proximity
to the oceanic waters of the" Gulf Stream" might lead us to expect high salinities
there.

A wide seasonal variation in the salinity of the surface is characteristic of coast
wise waters in boreal latitudes, the water freshening at the season of the spring fresh
ets and then gradually salting a,gainas this inrush of river water is incorporated by
the mixings and churnings caused by the tides, wi~ds, and waves.

The Gulf of Majne is no exception to this rule~ The widest seal!Onal. variations
so far actually recorded there at any given station are from about 28 per mille in
April to about 32.7 per mille in winter in the Bay of Fundy (fig. 165), and from about
28.3 per mille in May to about 32.3.per mille in early March in the opposite side of
the gulf, a few miles off the mouth of the Merrimac River (p. 813). Such changes,
however, are confined to the superficial stratum of water not over 40 meters thick.
The bottom waters of the gulf deeper than 100 meters see very little alteration in
salinity from se.ason to season. The salinity has also proved unexpectedly constant
from year to year in all parts of the gulf at any given season.

The Gulf of Maine is characterized by a considerable vertical range in salinity
over all but its most tide-stirred portions, contrasting strongly in this respect with
the North Sea, across the AtlaI\tic, where. the salinity as a whole is more nearly
1llluorm froIpthe surface downward. The vertical range is widest in spring and
summer, when the surface as a whole is freshest, narrowest toward the end of the
winter; greatest, too, where the stirring .effects of the tides are least, as in the west
ern side of the gulf off Massachussetts Bay, and ieast where tidal currents keep the
'fater moret40roughly churned, as in the Bay of Fundy in one side of the gulf or
on Nantucket Shoals in theotl).er.

In summer, and in the coastwise 1;one, the increase in salinity. with depth
averages most rapid from the surface down to a depth of about 50 to 75 meters; but
there are many exceptions, and in the deep basin of the gulf the salinity grooient
inay be nearly. uniform, surface to bottom, or the rise in' salinity may be found most
rapid as the bottom is approached.
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The detailed account of the salinity of the gulf may well commence with its
1Mte at the end of the winter and during the first days of spring,both because. this is
the season when variations in salinity, both regional and vertical, are least, and
because this choice of a. point of beginni~ will parallel the description of the
;temperature of the gulf (p. 522).

FEBRUARY AND MARCH

At the end of February and during the first week of March the salinity of most
parts of the gulf is at or near its maximum for the year, except close to the mouths
of the larger rivers. It is also most nearly uniform then regionally, having had a.
range of only 1.3 per mille from station to station at the surface in March, 1920.
In the offshore parts of the gulf the salinity is then also close to uniform vertically,
from the surface down too. depth of 40 to 50 meters, but increases at greater depths
down to the bottom of the trough, as is the general rule in all parts of the Gulf of
Maine at all seasons.

SURFACE

During the last week of February and the month of March of 1920 (which we
must, perforce, take as representative, being the only year when we have made a.
general survey of the gulf at this season) the surface water was freshest (31.3 to 32
per mille) along a narrow band fringing the coast between Portland and the eastern
boundary of Maine (fig. 91); and it is probable that equally low salinities prevailed
in the more inclosed bays and in the mouths of harbors all around the coast line of
the gulf at that time. The curves for successive values show that this band of
water, less saline than 32 per mille, was probably not wider than 20 miles (measured
from the outermost islands or headlands) on any line normal to the coast, with
rather an abrupt transition to .salinities higher than 32 per mille a few miles to the
seaward of the 100-meter contour. In outlining the distributi(;>n of salinity farther
out from the land, the curve for 32.5 per mille is the most instructive, its undulating
~ourse marking an artificial boundary between the fresher and salter waters. Water
fresher than this overspreads the entire northwestern and western portions of the
gulf at this season and its eastern side as well, spreading offshore to include the
whole western half of Georges Bank, a considerable area off Penobscot Bay, and the
whole breadth of the continental shelf (including Browns Bank) to the southward
of Cape Sable.79

The salinity of the surface water in the offing of the cape is especially interest
ing at this season as evidence of the extent to which the icy waters of the Nova
~oti~ current (characterized equally by low salinity) have begun to Hood west
ward past the cape into the Gulf of Maine. In 1920 the situation of the isohaline
for 32.2 per mille on this March chart clearly shows that the freshest (also the coldest)
core of this drift lay well out from the shore off southern Nova Scotia, d4'ect~d
toward Browns. Bank, and tha.t it had not yet passed the longitude of Cape S8bleJ,Q
.llppreciable volume. The low saJinity of the waters that then skirted the we~tem

"The surface salinity was only 32.16 per mille at our outermost station on the Shelburne profile. (20077) on March 19.
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shores of Nova Scotia «32.2 per mille) is thus shown to be oUocal origin-i. e., merely
a part of the generally low salinity of the coastwise belt, resulting from the drainage of
fresh water from the sundry streams that empty along that sector of the coast line.

At the time of our spring cruise in 1920 the surface water over the eastern half
of Georges Bank and in the southeastern part of the basin of the gulf was more same
than 32.5 per mille, this area of high salinity indenting V-like into the inner parts of
the gulf~ with its one arm extending northward along the eastern side of the basin to
the mouth of the Bay of Fundy and the other westward toward Cape Cod in a man·
ner better shown on the chart (fig. 91) than verbally. It is probable that this contrast
in salinity between the western and eastern ends of Georges Bank is characteristic of
this season of .the year.

The distribution of salinity on Georges and Browns Banks also makes it proba- i
ble that the saltest surface waterin the Eastern Channel and in the neighboring part,
of the' basin of the gulf then took the form of an isolated pool entirely cut off from'
the still more saline surface water (>33 per mille) of the Atlantic basin outside the
edge of the continent, reflecting some local stirring or upwelling of the water.

Apparently it would not have been necessary to run out more than about 25 tAl
30 miles from the continental edge of Georges Bank in February and March to have
encountered surface salinities of 33 per mille and upward; but the low value (32.16
per mille) at our outermost station on the Shelburne profile (station 20077) suggests
that the isohaline for 33 per mille then departed farther and farther from the conti~

nentalslope,passing eastward from Georges Bank, to leave a widening wedge of less
saline water next the edge of the continent.

The most spectacular event in the yearlycyc1e of salinity of· the Gulf of Maine
is the sudden freshening· of the surfl\Ce near its- shores, whichf()llows the spring
freshets of its rivers, an event happening earlier or later, according to the date when
the snow that blankets New England, New Brunswick, and Nova Scotia melts and
the ice in the lakes and streams goes out. In this respect the spring of 1920 was
late, following a severe winter. The effect of this outpouring of land water makes
itself evident, by lowered salinity at the surface, earlier off some parts of the coast
than off others. However, this regional variation does not correspond directly to
the latitude of the rivers concerned, because the effect of the Kennebec was made
evident in 1920 by surface salinity nearly 1 per mille lower close in to its moutli
(station 20058) than either to the westward or to the eastward of it as early as
March 4 (fig. 91); but any effect that the discharge from the Merrimac may have
had on the preexisting salinity up to that date must have been confined to the
immediate vicinity of its mouth, because the surface was then about the same for
the general sector between Cape Elizabeth and Cape Ann as for the offing of the
river (32.2 to 32.3 per mille). .
.. ' In 1925 (an earlier spring On land as well as in the sea) fresh water from the
Merrimac had developed a streak of low surface salinity (30.7 per mille) for about 6
miles out from the mouthof the rIver by March 12, with slightly higher surface
values (31 to 32 I>er mille) to the north and south (Fish Hawk ~tations 20 and 28;
cruise 9, pp. 10Q9, 1010). While higher values in Massachusetts Bay (32.4 to 32.9 per
mille; Fish Hawk cruise 8, March 10, stations 2 to 18A; p. 1004) prove that low saliJi~
ities from this source had not yet spread southward past Cape Ann, the freshets from
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40';'meter level for this whole area was only 0.1 per mille, including the deep water
off the southeastern slope of Georges Bank (station 20069) and the continental shelf
abreast southern Nova Scotia (stations 20073 to 20077).

Our several stations in Massachusetts Bay, for various dates in March during
the three years of record, have shown the upper 40 meters of water equally homoge
neous there; and it is probable that this generalization would apply to the entire
coastal zone of the gulf outside the outer islands during the last half of February,
except close to the mouths of the larger rivers.

In March, 1920, homogeneity characterized the whole column of water in the
western part of the basin of the gulf, as· limited by a line running southeastward from
Penobscot Bay, down to a depth of 100 to 150 meters, with the difference in salinity
between 40 and 100 meters averaging almost exactly the same as between the sur
faee and 40 meters (about 0.05° per mille). In other words, stirring by tides and
waves is active enough to keep the water virtually equalized in salinity down to this
depth during the la.te winter and early spring. However, our March stations have
all yielded considerably ,higher salinities at 100 meters' depth than at 40 meters in
the Eastern Channel and inward all along the eastern side of the basin of the gulf
(not however, in the Bay of Fundy), with an average difference of about 0.6 per
mille (stations 20055, 20056, 20071, 20072, 20081,20082, and 20086) and a maxi
,mum range of 1.43 per mille in the channel between Georges and Browns Banks
(station 20071).

The presence of this tongue of more saline water at 100 meters combines with a
more or less constant tendency toward upwelling from the deeper strata to raise the
lower boundary of the stratum, equalized by vertical stirrings, some meters higher
there than in any other part of the gulf. An even wider v~rtical range of salinity
between the 40-meter and 100-meter levels, recorded over the shelf south of Nova
Scotia that same March (stations 20074 to 20077; range of 0.8 to 2.7 per mille),
suggests a drift of the fresher coastal water out over the salter slope water; 80 and
this, or a reciprocal movement of the slope water in toward the slope on bottom, is
also the probable explanation for almost as steep a gradient in the upper 40 meters
off the southwest slope of Georges Bank on February 22 (station 20044 and 20045),
and off its southeast face on March 12 (station 20069; fig. 92).

All the March stations in the open basin of the gulf also show a considerable
vertical increase in salinity at depths greater than 100 meters, with a maximum
difference of 1.26 per mille between 100 meters and 150 (station 20053), a minimum
of 0.14 per mille. •

The homogeneity of the superficial stratum of the gulf, characteristic of the last
weeks of winter, gives place to the devolopment of a more stratified state in the
coastal belt in March as the increasing volume of fresh water discharged from the
rivers lowers the salinity of the surface along the tracks affected by their discharges.
In the year 1920 the discharge from the Kennebec, perhaps combined with water from
the Penobscot, had reduced the'salinity of the surface water off Boothbay fully 1 per
mille below that of the 40-meter level by March 4 (station 20058).81 In 1925 the

so The surface stratum of low salinity cut by the' Shelburne profile for March Is the southernmOlit extension of the Nova
Scotian current (p. 832).

81 No observations were taken at the mouth of Penobscot· Bay during this month, consequently I can not state how far sea·
ward the ontflow from the Penobscot River may then have In/luencod the vertlcaldlstrlbutlon of salinity.
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outflow from the Merrimac produced a slightly greater vertical range of salinity
(average difference of 1.5 per mille between surface and 40 meters) in the region
between Ca.pe Ann and the Isles of Shoals by Ma.rch 12 (Fish Hawk cruise 9, sta.tions
20 to 28), though its full effect wa.s not felt until a month later (p. 725).

Unfortunately, the water samples for these Fish Hawk stations and for the Alba
tross station off Boothbay for March 4, 1920 (station 20058), were not taken at vert
ical intervals close enough to show whether the river water was then pouring into
the gulf in volume. great enough to maintain a. sharply defined stratum of low salin
ity at the surface. It is more likely that vertical stirring by tides and waves still
continued active enough to produce a more even gradation from the surface down
ward. However, its effect was certainly greatest close to the surface and perhaps
not appreciably deeper than 20 to ,40 meters until later on in the season.

40 METERS

Thanks to the homogeneous state that characterizes the superficial stratum of
the whole gulf (with the exceptions just noted) during the late winter and early
spring, the regional distribution of salinity for February and March is much the same
down to a depth of 40 to 50 meters as it is at the surface (fig. 91). The agree
ment is especially close for the isohaline for 32.5 per mille, which shows the same con
trast at 40 meters (fig. 93) between fresher water near land and salter offshore all
around the gulf as at the surface, and.with the same expansions of low salinity out
over the western half of Georges Bank, southward into the central part of the basin
off the Penobscot Bay region, and out, from Nova Sc9tia across the Northern
Channel t9 Browns Bank.

The isohalines for the 40-meter level (fig. 93) likewise parallel those for the sur
face in locating the axis of the freshest band on the Shelburne profile « 32 per
mille) as lying over the outer part of the shelf, not close in to that coast as we have
found it later in the season (flg.132). However the rather abrupt east-west transition
in salinity from this tongue to higher values over Browns Bank and in the Eastern
Channel (32.86 per mille, station 20071) iE! sufficient evidence that the Nova Scotian
current had not appreciably affected the~alinity so deep as this farther west than
longitude 650 up to this date, though some slight movement of water may already
have taken place in this direction at the surface (p. 703).

The distribution of water salter than 32.5 per mille is also very nearly the same
at 40 meters as at the surface in March, with the same gradation lengthwise of
Georges Bank from lower values (about 32.4 per mille) at the western end to higher
values (about 32.6 to 32.7 per mille) at the eastern, and to slightly more saline water
(32.8 to 33 per mille) in the Eastern Channel and in the southeastern part of the
basin.

It is interesting to find a circumscribed pool of very high salinity (> 33 per mille)
in the eastern side of the basin at this level, which could have resulted only from
some local upwelling.

In winter and early spring, when the water has little vertical stability to resist
vertical currents, events of this sort are to be expected locally over small areas as
the result of tidal churnings, or caused by the wind. The distribution of salinity at
different seasons shows that the basin is most subject to them in its eastern side, and
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offshore gales often bring upwaterJrom below in 'volume great enough .appreciably to
affect 'the temperature and salinity of thesurlaoo along the; westerIi, shores of the
gulf during the Iatersprmg (p.729).

It is not clear whether the water salter; than 32.8 permille,.whichocoupied the
8Outhe'astern part of the' gulf in March, 1920j 'was then contmuous,;with· still higher
;

FI~. 93,-Sallnity at a depth or 4Q ~.e;~e~. ~ebmary 22 to March 24, 1920

salinities offshore at the 40-meter level, as is suggested on the chart (fig; 93) j or
whether it 'was inc-losed by slightly'Jower 'salinities at the mouth oftha Easteril
Channel,asseems to have been the case at· the surface at the time. 'Astatioli;:ih
the offing of the chanliel would ha.ve settled 'this question.
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The only importantdifferenee between the distribution of salinity at the surface
of the gulf· and at40 meters for March is in the coast sector between Portland,· Me.,
and Penobscot Bay, where the freshening of the surface by river water (p. 704) does
not at first affect the salinity to as great a depth.

The fact· that moderately high salinities (34 per mille) lay closer in to the se~

ward slope of Georges Bank at 40 meters depth than at the surface in February and
March (cf. fig. 91 with fig. 93) is also worth mention as evidence of some recent
expansion of the surface water offshore.

100 METERS

The regional differences in the rate at which the salinity of the gulf increases
with increasing depth (p. 706) result in a much wider contrast in salinity between the
eastern .and western sides of the gulf in the mid depths (as represented by the 100
meter level by March) than in the upper stratum (fig. 94).

In the western and northwestern parts of the gulf, it is true, the mutual rela
tionship of water fresher and salter than 32 per mille is then made essentially the
same at 100 meters as at shoaler levels by the homogeneity of the superficial stra.tum
(p. 705) and by the fact that the slight increase with depth was nearly uniform from
station to station in that subdivision of the gulf. A somewhat higher salinity (32.92
per mille) near Cape Cod (station 20088) than that of the surrounding waters (32.5
to 32.6 per mille) is only an apparent exception to this generalization, reflecting some
local upwelling from the salter, warmer waters below, an explanation corroborated by
the fact that the 100-meter temperature was also slightly higher there than at the
neighboring stations (fig. 13).

In the eastern 8I1de of the gulf, however, the curves for the several values (33
to 34 per mille) clearly outline a very definite and highly saline but narrow core
entering the gulf via the Eastern Channel, at the 100-meter level (hardly suggested
at the 40-meter level), spreading northward along the eastern slope of the basin, to
turn westward across the mouth of the Bay of Fundy as far as the longitude of
Mount Desert. It is probable, also, that a smaller increment was entering the Bay
of Fundy, or had recently entered, because the vertical increase in salinity from the
40-meter level downward was somewhat more rapid at the mouth of the latter (32.7
per mille at 100 meters at station 20079) than we have found it anywhere in the
western side of the gulf during March. It also seems certain that at the date of
observation (March 13 to 23) this saline tongue was continuous with the still salter
oceanic water via the eastern side of the Eastern Channel, witness a salinity of 33.78
per mille at 100 meters at the outermost station off Cape Sable (station 20077),
where the surface and 40-meter levels were by contrast notably low in salinity
(p. 1000). On the other hand, values lower than 33 per mille at 100 meters on the
eastern peak of Georges Bank (station 20070) and along its southeast face (station
20068) suggest that water less saline than 33 per mille was then drifting out of the
gulf along the western slope of the channel, to pool off the southeast face of Georges
Bank and so to hold the oceanic water (> 35 per mille) at least 60 miles.out from the
latter. However, this pool of water of low salinity (and of lo.w temperature) extended
only a few miles around the tip of the bank to the westward, with salinities higher than
34 per mille washing its southern face. If 35-per mille water did not actually touch
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the slope of the bank to the westward of longitude 68° on February 22 ,(stations
~0044 and 20045), as it apparently had off New Jersey.on'February 21 (station 200(3),
it was not separated fro,m the ,edge, of the continent there by more than 10 miles of
lower salinities at the 100-meter level at that time.

FIG. 94.-Sallnity at a depth of 100 meters, February 22 to March 24, 1920

The agreement between the March charts for temperature (p.526, fig. 13): and
for salinity at 100 meters (fig. 94) is remarkably close in the eastern side of the gulf,
the two combined affording evidence as good as could be asked that warm salit1e
water was then actually flowing into the gulf along the eastern side of the Eastern
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Channel, or had· been so flowing shortly previous. The failure ()f the. NovaScotiatt
current of low salinity to show at all in the 100-meter salinities for· March, 1920,
either on the deeper parts off·the shelf abreast· of Shelburne,Nova Scotia, or in the
southeastern part of the Gulf of Maine, also deserves emphasis as evidence that
this current is confined strictly to the upper 50 or 75 meters of water at that season,
neither creeping westward through the ·Northern Channel· at deeper levels nor cir-
cling Browns Banle ..

The regional variation in salinity at 100 meters within the gulf was about 1.86
per mille for February and March, 1920.

SALINITY AT 150 METERS AND DEEPER

The March chart of,salinity at 150 .meters (fig. 95) is interesting chiefly as an
illustation of the west-east gradation ,from lower values to higher, which has
proved generally characteristic of the deep strata of the gulf, complicated, however,
by an extensive pool of very low salinityin the northwestern part of the basin, in
the offing of Penobscot Bay « 33 per mille) , and extending southward past Cashes
Bank (station 20052). This 'phenomenon probably reflected an 'offshore drift,
associated with the loW 'temperature to which the northern coastal zone of the
gulf chills during the winter (p. 651). Whether it develops annually, as its low
temperature (station 20052) would suggest, is an interesting question for the future.

A salinity slightly below 33 per mille in the extreme southwestern corner of
the basin at 150 meters on February 23 (station 20048, R2.97 per mille), a,pparently
entirely inclosed by salter water, contrasting with the increase that took place in,
the 150-meter salinity off Cape Ann from 33.4 per mille on that date (station 20049)
to 33.53 per mille on March 24 (station 20087), illustrates the extent to which the
state of the water at this depth is governed by mutual undulations of the shallow
(less saline) and deep (more saline) strata.. No doubt movements of this sort are
constantly in progress, raising or lowering the upper boundary of the bottom stra
tum salter than 33.5 per mille; but as yet we have not been able to follow these
submarine waves in detail.

The localization of salinities higher than 33.8 per mille along the eastern slope
of the basin at 150 meters in March, with a maximum of 34.4 per mille in the
Eastern Channel, points to some inflow right down to the bottom of the latter at
that date (February 22 to March 24) or shortly previous; but with so gentle a
gradation in salimty from the one side of the basin to the other, this indraft evidently
was (or had been) less rapid at the 150-meter level than at 100 meters,or in smaller
volume. 'Nor is its· course within the gulf so definitely outlined by the curves for
successive values of salinity at the deeper level. Very little water of this origin, if
any, was then flowing over the rim into the Fundy Deep because the 150-meter
salinity was considerably lower within the latter (33.01 per mille, station 20079) than
in the neighboring part of the open basin (33.7 to 33.9 per mille). Nor had it
recently overflowed the shoal rim into the bowl at·the mouth of Massachusetts Bny,
where the 'pQttom water (150 meters) wtl,s about 1 per mille less Stl,lin~ 9n March 183

,than equaJ. depths in the neighboringp.artsof the bas4J.,and,.the,entire column very
close to homogeneous, vertically, from surfflce,to .J>Qttom.

.. Station 20050, 32.39 per mille at 150 meters
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dnthe same waY,a Marchreadingof'only32.91 per mille at 175(m&t~$TintthE!'
, trough west of .Jeffreys Ledge (station 20061) mirrors tha hindrance of fi~,~a'"
12'tiOnaithe bottom (p. 691) by the barrierriin to the north." ". "\

Fla. 95.-Sallnity at a depth of 150 meters, ll'ebma!'Y 22 to March 24, 1920

Salinities at depths greater than 150 meters did not demonstrate any inflow as
actllally taking place into the ,bottom of the gulf in February and March, 1920.
Thus we find a general and comparatively uniform gradation at 175 meters:t:rom
33.5 to 33.8 per mille around the inner slope of the basin generally (but only 33.03
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(figs. 15 and 16), they show the water freshest where coldest (Le., inshore), tsaltest
where warmest-a relationship that prevails all along the North American seaboard
between the .latitudes of Chesapeake Bay and of Cape Breton,at the time ofyear
when the·. temperature. is at. its .lowest. The profiles for salinity differ, however;
from those for temperature,in· cutting· across alternate bands of fresher water next
the coast, salter intheb~in, fresher again over Georges Bank, and saltestof aU at
their seaward ends outside the edge of the continent. This succession on the west
em profile (fig. 96) mirrors the expansion of water of low salinity (32.5 per riillle)

FIG. OO.-Sallnlty protlle running soutbward from tbe omngo( Casco Bay, across Georges Bank, to tbe continental slope, Feb
mary 22 to Marcb 5, 1920

out from Cape Cod across the western part of Georges Bank. On the eastern
profile, however (fig. 97), the contrast between slightly lower values over Georges
Bank (32.6 to 32.7 per mille) than over the basin immediately to the north of it
(32.8 per mille) is associated with the indraft via the Eastern Channel, which
interrupts the picture by raising the salinity of the upper stratum of that side of the
basin slightly above the values that might otherwise be expected there. In brief,
then, the contrast between basin and bank is caused on the one profile by outflow
over the latter from inshore, but on the other profile by an inflow around the bank
into the gulf.

The two profiles agree in showing comparatively low.and .uniform salinities
(temperatures, as well) at the offshore awls in the upper stratum, with the curves
for the successive values so ne~rly horizo.ntal there .that it would evidently h~ve
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been .necessary to run some distance farther ·offshoreto havere!Whed the inner-edge
of the so-called It Gulf Stream" on either, of these .lines.

The deeper strata of the western pr(}file (fig. 96) ,however, .illustrate the, Pl'OX~
imity of oceanic water to this end of thebanlq evident, too, on the charts (figs. 94
and.95). by aVery rapid rise in salinity,with increasing depth at the outer stations
(20044 and. 20045) to oceanic values of 35 per·rirille .and. higher ,within 60 to 70
meters of the surface and down the slope from· the lOo-illeter level. . On theeastiern
profile, however (fig: 97), the vertical change in salinity was not amy less abrupt. at
the offshore end, but water as saline as 35 per mille lay so far out from this part of
the slope that the profile did not reach it at any depth, although readings were taken
down to 1,000 meters (station 20069). Nor have we found water as saline as 35 per

2llOJ----'-"

SIOI------------....;

~I-----------_-!I.

8401--------------'
3601----------------'--'----f"'~KJ

seo'r------------'-------"""i
«lO1------------------.,
Glll---------------'-------F-----'r--"''------i-----<4401- ---b~..L...=~===d.- __-:

400'1---------------------------------,.
FIG. 97.-Sallnlty profile running from the vicinity of Monnt Desert Island, southward across the gulf and across Georg\lS Bank

to the continental slope, March 3 to 12, 1920

mille touching the southeastern face of the bank later in the spring (fig. 117) or in the
summer. The presence of a wedge of water considerably less saline (and colder) than
the so-called It Gulf Stream," sandwiched in between the latter and the slope in this
general location, is thus revealed as clearly in cross profile as it is in horizontal
projection. .

Apart from these general features, the most instructive aspect of the western
member of this pair of profiles is its graphic presentation of a very notable difference
in the vertical distribution of salinity between the basin' of the gulf to the north
ward of the crest of Georges Bank (where the water was very close to homogeneous
from the surface downward/to a depth of 100 meters) and the southern half of the
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bank, where salinity increased so rapidly with depth that a greatel" range was coni..:
pressed into the upper 40 meters than characterized the whole c'olumn of water
(280 meters) in the basin.

Both the profiles (figs. 96 and 97) also show acon.trast of the reverse order in
the deeps between the oeeanioslope to the south (nearly homogeneous in salinity
below the zone of most rapid vertical transition at 50 to 140 meters) ,and the gulf
basin to thenol'th,iwhere salinity increased from the lOo-meter level down to the
bottom. Undulations in the thickness'of the salt bottom waters or submarine waves
also appear on both profiles, evidence of rather an active state of vertical circulation
at the time, with the isohalines for 3·2.5 per mille and 33perinille suggesting a tend.,
ency toward upwelling. in the northeastern· part of the basin.

The rather marked contrast in the salinity of the bottom water of the eastern
profile. {fig. 97), between 34 per mille to the northward Of the ridge that divides this
side of the basin into a northern and southern bowl,and upwards of 34.5 per mille
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Flo. 98.-Salinlty profile running eastward from Massachusetts Bay,»cross the gulf toward Cape Sable, March 1 to 23, 1920

at an equal depth to the south of it, illustrates the very important r61e that such an
irregularity of the bottom may play in directing the circulation of the water. In
the present instance the bottom is to some extent divided by the ridge, as the charts
for the 100 and 150 meter levels (figs. 94 and 95) .also show, water from its left-hand
side being responsible for the high bottom salinities in the southern side of the basin
on this profile (stations 20053 and 20064), whereas its eastern branch drifts north
ward chiefly to the eastward of station 20054.

This control which the conformation of the bottom exercises over the salinities
of th~ deeper strata of the gulf is made still more evident on a west-east profile (fig~

98) by the contrast between the bottom water of the open basin, on the one hand,
and of the deep bowl off Gloucester, on the other, just commented on (p. 712), where
the barrier rim of th~ bowl (station 20050) is so effective an inclosure 'at this season
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that its deeper strata show almost no effect of overflows from the deeps of the neigh
boring basin. A profile running out from the Isles of Shoals would show a contrast.
of this same sort, and due to the same cause, between the trough to the west of
Jeffreys Ledge (station 2006l) and the basin to the east of it, though with the actual
difference in salinity not so great between the two sides of this rather steep ridge
because this particular troughis open to the north.

The two phases of the salinity of the.gulf that claim most attention in the first
days of spring, before the Nova Scotian current has spread westward past Cape
Sable, are the vernal freshening from the land,already mentioned (p.704), and the
state of the water in the eastern side, where the inflowing bottom current is chiefly
concentrated. The latter is illustrated graphically in east-west profile (fig. 98) by
a very evident banking up of the saltestbottom water (salter than 33.5 per mille)
to within about 80 meters of the surface on the eastern slope of the gulf (station
20086), when it lay nearly 100 meters deeper in the western side of the profile
(station 20087, March 23), and by the contrast between its high salinity and the
considerably less saline masses of water on either hand.

Unfortunately the three eastern stations (20084 to 20086) on this profile were
occupied about 3 weeks later, in date, than those immediately to the westward of
them, allowing the possibility that a cumulative development of the saline core
during the interval may have been partly responsible for the contrasting salinity.
But even if the most saline band was not as definitely limited on its western side,
at any given date, as it is represented, the profile certainly does not exaggerate the
gradation in salinity between the eastern and western sides of the basin, because
water samples were taken in both at the same date (March 23 and 24, stations
20086 and 20087). A variation of at least 1 per mille in salinity is therefore to be
expected from west to east across the gulf at the 40 to 100 meter level during the
last week of March, but one decreasing with increasing depth from that stratum
downward to virtually nil in the bottom of the trough. It is also probable that
the whole western side of the basin rem.ained decidedly uniform in salinity through
out the month at any given leveL(p./122).

Had vernal freshening affected 'either end of this profile up to the date of obser-·
vation (to March 24), the surface would have been much less saline than the deeper
water at the inshore stations off Massachusetts, on the one side, or off Nova Scotia
on the other, just as was actually the case off the Kennebec River on March 4
(p.706, fig. 91). Instead of a distribution of this sort, however, the water at these
stations was nearly homogeneous in salinity from surface to bottom, evidence that
values somewhat lower there than in the basin merely repres,ented the gradation of
this sort that always exists between the coastal and the offshore waters of the gulf.
Consequently the precise values recorded on Figure 98represent the prevailing state
just prior to the date when surface salinity. begins to decrease.
. This profile also corroborates the horizontal projections of salinity (fig. 91 and
93) to the effect that in 1920 the cold Nova Scotian current did not begin to flood
westward past Cape Sable into the gulf before the end of March in volume sufficient
to affect the salinity of the latter appreciably, because the band less saline than 32.5
per mille (correspondingly low in temperature) was then narrower in the eastern side
of the gulf than in the western, or elsewhere around its periphery for that matter.
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The salinity of the water in the. Eastern Chann.el and its relationship .·to the
water over Georges and Browns B.anks, which bound it to the west and east, is always
of interest, because this is the only possible route by .which a. deep bottom current
eanenter the gulf. During the second week of March, 1920, the saltest w8;ter in the
channel took the form. ofa definite ridge, with theisohaline for 33 per mille, 8;S rep
resented in cross section (fig. 99), paralleling the isotherm for 3° on the correspond
ing profile of temperature (fig. 19). The rather abrupt transition from 34 per mille
to 33 per mille, made evident at the 50 to 80 meter level by closely crowded isoha
lines, contrasting with the vertical homogeneity of theshoalcr water, marks this as
the upper boundary of the saline bottom drift.

The relationship between the vertical distribution of salinity in the trough
(station 20071) and on the neighboring shallows· of Georges Bank (station 20070; the ,

~oo

FIG. 99.-Salinity profile mnning from the eastern pert of Georges B!lIlk across the Eastern Channel, Browns Bank, and the
Northern Channel, to the offing of Cape Sable, March 11 to 23, 1920

former much more saline than the latter at depths greater than 40 meters) is evi
dence of a banking up of the saltest water against the eastern side Of the channel
and of an overflow across Browns Bank consistent with the effect of the rotation of
the earth on any movement of water inward through the channel toward the gulf.
On the Georges Bank side, however, this indraft was separated from the slope by a
wedge of water lower in salinity as well as in temperature (p. 541); therefore suggest
ing a counter drift in the opposite direction - i. e., out of the gulf (p. 938)- by its
physical character. Unfortunately its lower boundary can not be definitely estab~

lished from the station data, but the courses of the isohalines in the upper strata op
the profile (fi~. 99), combined with the contour of the bottom, suggest that it bathed
the western slopeof the channel down toadepth of at least 170 meters.

This profile (fig.9~) ~lso corroborates the evidence of the charts(p. 703) that
water from the eastward had not yet freshened the upper 50 meters of water as far
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west as Browns Bank to a value (32.5 per mille) appreciably lower than had probably
prevailed there a week or two ea·:rlieI'in the month. This locates the first exteilsion
of this comparatively fresh current as directed toward the southeast and not arotind
Oape Sable into the inner part of· the gulf, though there ,fs·etidence that·'SO'Iile'of
this Nova Scotian water drifts· right across the Eastern Ohannellater intha' season
and far westw'ard'along the outer side ofGeorges Bank ,(po 848).

LIMITS OF\VAT~R MORE sA'L'INE THAN 34 PER-MILLE,-,' ,.'., . - ''-;,',' "; .'.,', ....... ' .. , ...

,Saliriitielll higher thim 34 per mille, whenever. encountered in the deep trough of
the gulf, are unmistakable "evidence that indraft is. either taking place from the
region off the mouth ,of the Eastern Ohannel at the, time, or 'has taken place so
reeently that the saline water from this sburcehas not yet been appreciably diluted
during the sojourn in the,basin of the gulf by mixture with the leas saline water
beneath which it spreads. A chart of the depth to which it would have been neces
sary. to descend to find water as salt at 34 per mille in. the gulf in March, 1920,as
well as its horizontal limits, irrespective of depth (fig. 100), is therefore instructive
as graphic evidence of the recent activity of this movement. The gradient there
shown, with upper boundary of 34 per niille water lying 100 meters deeper at the
two heads of the two branches of the Y-shaped trough than in the Eastern Ohannel, is
proved the normal state by close correspondence with April (fig. 118) andniidsummer
(fig. 152). It represents theconsutllption of this water in the innerparts of the gulf
as vertical mixing destroysitsldentity, aud has an important bearing on the circu
lation of the gulf from thia-sta.ndpoint (p.849).

Oomparison with the corresponding isothElJ;'tnobath' (fig. 20»shows that salinity
corresponds more closely to the contour of the bottom than to temperature at this
season, there being no reason to suppose that water as saline as 34 per mille
encroaches at all on Georges Bank in spring. The north-south ridge, which culmi
nates in Oashes Ledge, also influences the salinity of the bottom water more than
its temperature.

BOTTOM

The salinity on bottom is interesting chiefly for the biologist who is concerned
with the physical conditions to which the bottom fauna is subject. In any small
subdivision of the Gulf of .Maine this is governed directly by the depth, with the
water saltest where deepest; but when the survey is expanded to cover the area as a
whole, aC,count must also be taken of the regional differences just described, especially
of higher salinities in the eastern. side than in the western, and of freshenings of the
cOll-stal zone, whether by river freshets or by the Nova Scotian current. Early in
the spring, before these last. influen()es have altered, the water. appreciably from its
winter state, the differences in salinity between the two sides of the gulf are widest
in the mid depths. Oonsequently we find the regional variation in bottom salinity
is then widest somewhat more than midway down the slopes of the basin, near the
IOO-meter contour.

In March, 1920, the bottom water of this belt varied in salinity from about
32.3 per mille to 32.5 per mille, alop.g the western and northe:rp- ma~ins of the gulf,
to about 33.5 per mille on its eastern slope, with a correspondmg wes0east grada-
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,tion,at greater: depths from ~about 34 per mille at the· bottom of. the western and
northeastern parts of the trough to about 34.8 per mille in the southeastern part,
il'respedtiveof slightdiffereilces in depth, ,
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FIG. l00,-Depth below the surface of the Isohalobath of 34 per mllle, February, to March, 1920

Thanks to the vertical homogeneity of the water at this season at depths less
than 100 meters, the bottom salinity of the coastal zone was then very uniform from
'statidn to station (about 32.3 to 32:6perrnille 'at' ll1ost;of the stations) in depths of
40 ,to 100 meters. The" bottom waterpl'OVM equally 'uniform on Georges -Bank,
where 'the extrrones recorded (32.6and.32.8 }>6l'rhille) were only 0.2 per 'mille: apart
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in spite of the very considerable area covered by the stations and the variation in
depth from 50 to 90 meters.

The contrast between this low bottom salinity on Georges Bank and the more
saline water that then bathed Browns·Bank (33.02 per mille) has already been
commented on (p. 719).

It is probable that wide regional variations in bottom salinity would have been
recorded all along the shores of the gulf in March at depths less than 20 to 30
meters, corresponding both to the precise depth and to the location relative to the
sources of .land drainage, had more readings been taken so shoal, because the values
ranged from 32.3 to 33.1 per mille at the bottom of Massachusetts Bay at depths
of 12 to 10 meters on February 24 to 28, 1925, and from 32.4 to 33 per mille at 25 to 76
meters on March 10 of that year, the higher values at the deeper stations, the lower
values. at the shoaler stations. In the Ipswich Bay region, however, between Cape
Ann and the Isles of Shoal!'!, the bottom water varied only from 32.9 to 33.2 per
mille in depths of 30 to 64 meters on March 12, 1925 (Fish Hawk cruise 9).

ANNUAL VARIATIONS IN SALINITY IN MARCH

An approximate idea of the variation in salinity that may be. expected from
year to year in the gulf at the beginning of March results from the following com
parison between the observations taken in its western aide by the Albatro88 in 1920
and at nearby locations by the Halcyon in 1921:

Mouth elf Malj88Chu· Near Isles elf Shoals Olf C8pe E.Uzs.beth
SllttsB$Y

Depth, meters
M8r. 1,1920 M8r. 5, 1921 M8r. 6,1920 M8r. 6, 1921 M8r. 4, 1920 M8r. 4,1921

20060 10611 20061 10609 20059 10507

0_. __••.. _•••• ••••_•• •.__ ••• _•••••••••_•••••__ 32. 35 32.64 32. 2 32. 85 32. 09 32. 35
40••••__ ._••• ".__ •••••• -•••----.-.-.-••• _•••• __ •••. 32.36 32.70 32.34 32.79 132.20 32.47
90•••_. ••• __._•.•_•••__ '- ••• • __••••••• ...__ .... .... ••• __ •• •••• •••••••••••_.... 32.32 _••••• "" __
100••_•. ' ••• _. ... ••• __ •••_•••••_•• • 32.34 32.76 32.41 32.86 ••••_••••_.. 32. 47
150. ..__... • • •• __ •••• ••• __•••_••• 32.39 32.70 _••••••••••_ ••__••••_._••_••• ••_•••••••••••••
176•••• • • • • _••••••••• ••.._•••• _••••• __ •••• 32.91 32. 99 ••_._ __ ••••__

Off Seguin Island Western B8sln

Depth, metsrs
M8r. 4,1920 Mar. 4,1921 Feb.23,192O M8r.24,192O Mar. 11.1921

20058 10603 20049 20037 10610

0 ••••••••_••••_•••__ •• __•• __ • ._•••_••_••••_ __ •••• ••_ 31.31 32.32 32.62 32.49 32. 49
16." ._••__••••• _••••••• • __ .._., __•__• __ ••••_ ••••_ 32.00 32.30 ••_••••••__• __•••__••••• _••• ""
30 •__•••••••••_•••••••••••••_•••••••••••__••••••••_•••••••••••• __••• _•• _.__••• 32.30 ••_••••• ••••_••••• "'_••.• __
40 ._•••_. •••••• • • ••• ••_•• _ ._. • __ •••• •• •• _.. __•••_. ••_. 32. 54 32.47
46 • __••• •••• ••••••••_•••••••••••_•••••••__ _. 32.34 ._••••__ ••__ ••_•••,.__.. •••• __ ._._.
50 ._. •••••••••• __•••••_._. •• ••• __ ._•••• •••••••__••_•••• _........... 32. 52 •• •• _.__••_•••
60 ._•••••••••~_ •••••••••_•••••• __ ••• • .~__•••• • __••__••••_••_. 32.41 _.__••••••__ ••~.".__ •••• _.__•. __••••
100 _••• ••__•• ••••••••_••__ _._••__ ••_••••__ •••__ •• ._••••••_._....... 32.54 32.63 32. 65
160 •••__..__•..••.• __ . __•.••_ __..__ __. ...•........ as. 40 33.53 33.1:1
200 __••_•• • __ _~ __••_._•• •••_. •••••_•••_ •••_. 33.78 34.05 ._••_._••
225 __ ._•••• • • .. • •• _. __ •••• __•••_...... 33.08
250 ••••_ __ """" ._••••••••••••••••••••_•••• __ • ••• __ _._.. __••••• _••••_ 34.22 33.99

1Approximately.

These tables show salinities averaging about 0.4 per mille higher in 1921 than in
1920, at depths less than 150 meters along the coa.stal zone from the.mouth of Massa
chusetts Bay to. the neighborhood of Cape Elizabethibut the readingsfor the two
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years were substantially alike off SegUin Island. This also applies to the western
basin above the 100-meter level; but 1920 was the salter year there at greater depths,
with an annual spread of 0.5 to 1 per mille at 150 to 200 meters.

With so little difference in salinity between the two years it is safe to assume
neither was unusually fresh or unusually salt, but that the two together may be
assumed to represent a typical Gulf of Maine March."

Judging from one station at the mouth of Massachusetts Bay, with readings of
32.85 per mille at the surface, 32.96 per mille at 25 fathoms, and 33.04 per mille at
45 fathoms (station 10054), the March salinity was about the same in 1913 as in
1921. Again, the salinity of the upper 100 meters of the Fundy Deep was almost
precisely the same on March 22, 1920 (station 20079), as on April 9, 1917 (Mavor,
1923); the 150-meter level the same as on February 28 of that year, though 1920
seems to have been slightly the salter at depths greater than 150 meters.

Thus, the March salinity of the gulf showed but little annual variation in the
years 1913, 1917, 1920, and 1921" and it is probable that annual differences are
smallest at this season. Even in March, however, much wider differences than those
just stated are to be 'expected between springs of heavy or light rainfall and snow
fall, or between years when the fresh~ts occur unusually early or unusually late.
Fluctuations in the bottom current flowing into the gulf will also be mirrored by
salinity.

Hydrometer observations taken in Massachusetts Bay and to the northward of
Cape Ann from the Fish lJawk on March 10 to 12, 1925, give a hint of this in bottom
readings considerably nigher than we had previously obtained there at that season
an average of about 33 per mille at 40 to 60 meters depth contrasting with 32.2 to
32.5 per mille for 1920 and 1921. The superficial stratum was likewise slightly more
saline in Massachusetts Bay in March, 1925 (32.4 to 32.9 per mille), than in either
of the earlier years of record.

VERNAL FRESHENING

The great rush of fresh water that annually pours into the gulf from the land,
when the snow melts and brings the rivers into freshet, causes a very decided lowering
of salinity contemporaneous with the first signs of vernal warming. The effect of
this, first apparent along the western and northern shores of the gulf, had consider
ably lowered the surface salinity of the superficial stratum off the Kennebec River
by March 4 in 1920, a late year (p. 704). The upper 30 to 40 meters of the coast
sector between northern Cape Cod and the neighborhood of Mount Desert Island
proved decidedly less saline by the 9th to 18th of that April (fig. 101), also, than it
had been a month earlier (fig. 91).

Localization of the lowest salinities (in this case <30 per mille) between Cape
Elizabeth to the west and Penobscot Bay to the east, up to this date, is evidence
that the Kennebec and the Penobscot combined had continued to affect the salinity
more than the Saco and the Merrimac did until mid-April in that particular year;
but whether a,seasonal relationship of this sort is normal, or whether the freshening
effect of these two gr~ups of riv~rs is more nearly simultaneous in most years 'than

U It will require records for many years to establish the normal state of the waters of the Ilulffor that month or (or auyother.
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it was in 1920, is yet. to be learned. How&.ver, observat;ic:>ns t~k~n by W.. W. Welsh.
between Cape Ann and ,Cape Elizabeth, in 1913 (Bigelow, 19140.) i ~avorthe first
alternative by showingabout.this same 'Vernal schedule, with the surface off the
mouth of the Merrimac,ssltest at about theeJ;l,d of March and f~hening slowly
thereafter.UnfQrtunately there was a gap in his observations for the interval April
5 to 13; but his numerous records On the fishing grou~ds near the Isles of Shoal!3
revealed a d~rease in the surface salinity there from 31.56 per mille on the 13th to
30.03 'per mille on :the 26th, and to 29.54 per mille on May 5.
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FIG. 101.-Surface salinity. Aprl16 to 20, 1920 (and for the Bay of Fl1Iidy, Aprll,9, 1917; froin Mavor, 1923)

The general distribution of salinity is proof enough 'that ·the discharges 'from
the great rivers that empty into the Bay of Fundy and along the coast of Maine
(St.John,! PenQbscot, Kennebec,' Saco, and Merrimac) turn westward, paralleling
the shore, and building up the so~called'" sptiIl.gcurrent" reported' by localfishe'rinen
-not spreading southwardtbwitrd Nova Scotia. A$ UQ' large riv&s emp~y into the
gulf from that Province, no such extreme' vernalfr~shening of thestirface is to be
expected along its western shore as ,characterizes the northern and, western margins
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of the gulf. The minimum for the coastal sector between Cape Sable and St. Marys
Bay can not be stated for want of observations close in· to the land at the critical
season, but may be set (tentatively) at about 31 per mille, contrasting with 28 to
29 per mille in the opposite side of the gulf (p. 702).

In 1925 the surface salinity of the Isles of Shoals-Cape Ann sector had de
creased to 28.7 to 29.1 per mille by April 7 to 8, a change of more than 1 per mille
since March 12 (Fish Hawk cruises 9 and 11). Up to that date, however, freshen
ing from the land had hardly affected the surface at the mouth of Massachusetts
Bay, which was still 31.9 to 32 per mille, with 31.2 per mille in its inner waters
near Plymouth (Fish Hawk stations 10 and 31 to 34, cruise 11). So little change
took place.in the surface state of the bay during the next two weeks that the Fish
Hawk again had 31.1 per mille to 32 per mille there on April 21 to 23.

The reason the surface of Massachusetts Bay does not experience a drop in
salinity as early or as sudden as the coast sector north of Cape Ann, only a few
miles away, is simple: No large streams empty into the bay, so that the only source
from which it can receive large volumes of land water are the rivers tributary to
more northerly parts of the gulf. Naturally the freshening effect of these is not as
pronounced at a distance from their mouths as it is near by, nor is it felt as soon.
This explanation is corroborated also by the fact that the lowest salinities recorded
for the Massachusetts Bay region for April 21 to 23, 1925, took the form of a tongue
extending southward past Cape Ann, obviously with its source to the north-i. e.,
from the- Merrimac (fig. 102).

The general surface chart for April, 1920 (fig. 101), is made one of the most
interesting for the year by its demonstration that the freshening effect of the river
freshets continues strictly confined to the coastal zone until late in the month and
does not spread out over the surface of the gulf generally, as might, perhaps, have
been expected. By ~ontrast, the basin of the gulf outside the 100-meter contour alters
so little in salinity from March to April that the greatest change therefrom the. one
month to the next in 1920 was only about 0.5 per mille for any pair of stations.
The surface also remained unaltered over the eastern end of Georges Bank (we have
no April data for the western end), where the extreme variation in salinity from
March to April of that year was only about 0.1 per mille. Mr. Douthart found a
similar gradation (though with actual values 0.5 to 1 per mille higher) on April 27,
1913, from 31.5 in Massachusetts Bay to 33.1 to 33.3 per mille on the southwestern
part olthe basin and along the northern half of Georges Bank. The contrast in the
salinity of the surface water between inshore and offshore stations is greater inApril,
in fact, than in any other month. On the other hand, the pool of high surface salin
ity (32.8 per mille) that occupied the southeastern part of the basin of the gulf and
the inner end of the Eastern Channel in March,1920 (p. 704, fig. 91), had been
entirely dissipated by the middle of the following month, leaving this whole area
uniformly about 32.5 to 32.6 per mille at the surface; but in its stead the surface
salinity at one station in the eastern side of the basin, off Lurcher Shoal, had been
increased to an equally high value (32.89 per mille) by some local disturbance of
water.

The discovery of these pools of high salinity in different localities in different
months-one of them, at least, short lived-is more interesting than the slight actual
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alteration in value might suggest,as evidence that phenomena of this sort may ~
expected to develop temporarily anywhere in the eastern side of the gulf during th~

seasonofjjthe!year when the vertical stability of the water is slight.

15'30'45
r-.--......:.p---~--f~----+------+------+---j45

42T---+------+-..cr::-::-:1e'~=::-f"<,..._----_1_---4-~--~

FIG. 102.-SaJinlty of Massachusetts Bay at the surf!lCe (plain ligures) and at 40 meters (encircled ligures), April 21 to
23,ll12l5
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Changes in the $alinity ofthe surface water off the western coast of Nova-Scotia

from March to April, or to the southward of Cape Sabl~,d~andattention, beoause
any considerable movement of the cold, comparatively fresh water of the Nova
Scotian current past Cape Sable from the .eastward would necessarily decrease the
salinity of the neighboring parts of the Gulf of Maine, just as it retards the warming
of the surface there (p. 558) .. In 1920 no evidence of this appears in the distribution
9fsalinity up to .. the end of April. In fact, the surface was actually slightly salter on
Browns Bank, near Seal Island, and off Yarmouth, Nova Scotia, on April 13 to 16
(stations 20102,20104, and 20106) than it had been on March 13 to 23 (stations 20072,
20084, and 20085), and with no appreciable change in the Northern Channel. 86

.....

Stations- ~ ~

-:::~---L~-~:-----S:::.----~~~--J.?Z09 ,. 32.6
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FIG. 103.-Sallnlty proflJe mnnlng eastward from Cape Cod, March 28 to 29, 1919 (196 patrol stations 1 to 3)

In 1919, however, the very low temperature recorded in the eastern side of the
basin by the Ice Patrol cutter on March 29 (p. 553) had its counterpart in surface
salinity considerably lower (31.87 per mille) than that of the western side of the gulf
at the time (32.4 to 32.7 per mille; fig. 103). Judging from the geographic location,
this can hardly have drawn from any source other than the Nova Scotian current.

Unfortunately no observations were made on the salinity of the northern parts of
the gulf during the spring of 1919, so that it is impossible to state how much this
Nova Scotian water had affected the surface salinity in that direction, nor (for the
same reason) how far it spread over the offshore banks to the southwest during
that spring.. Probably, however, it reached its farthest westward expansion by the
last of that March or soon after, because a second profile of the gulf crossed the
isohalinefor 32 per JIlille at about the same longitude amonth later (Ice Patrol sta
tions 19tp 22, p. 997). A considerable amount of water of low salinitYJIlusttherefore

II No observations were taken In the iUJf4uring the summer of 1920.
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have continued to drift westward past Cape Sable during this 4,;,week interval to
tnaintain so almost uniformly Iowa salinity (31.7 per mille) so far westward.

The data for 1919 and 1920 thus show a considerable yearly variation in the date
when the Nova Scotian current most influences the salinity of the Gulf of Maine-a
variation associated with the factors that govern the general scheme of circulation
along the Nova Scotian shelf to the eastward, and with the outflow from the Gulf
of St. Lawrence (p. 830). Therefore, it does not necessarily follow that if the gulf is
early or late in showing the freshening effects of the freshets from its tributary rivers
in any given year the cycle of salinity will be correspondingly early or late in its
eastern side.

The lowest value to which Nova Scotian water may reduce the salinity of the
surface of the eastern side of the gulf can not yet be stated; but on theoretic grounds
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FIG. 104.~Vertical distribution of salinity oft G1ouoester on March 1,1920 (A, station 200501, and March 5,
1921 (B, station 10511); for Aprfi 9, 1920 (0, station 20090); also for May 4 and August 31, 1915 (1), sta
tion 10266, and E, station 10306)

itis probable that the value recorded for April 28, 1919 (about 31.7 per mille),fis
near the minimum, because any flow into the gulf from the eastward necessarily
orossesthe coastwise bank off Cape Sable, where tidal churning is so active that the
fresher current must constantly mix with salter water and so, to a"considerable extent,
lose· its distinguishing character.

VERTICAL DISTRIBUTION OF SALINITY IN APRIL

Graphs for successive dates in·the spring of 1920 (figs. 104 tp 109, 112-1l4) illus,;,
trate the effect that the vernal outpouring from the rivers exerts on the deeper strata.
next the land during the last weeks of March arid first half of April.



PHYSICAL OCEANOGRAPHY OF THE GULF OF MAINE 729

In the western side of the' gulf 'the seasonal alteration decreases progressively as
the depth increases, to nil ata depth of 80 meMrS off Cape Cod (fig. 106). If
Massachusetts Bay can be taken as representative of this side of the gulf, the freshen"
lng effect penetrated somewhat deeper or somewhat more rapidly in 1925, when the
bottom water in 70 meters' depth was about 0.5 per mille less saline at one stationon
April 23 (Fish Hawk station 18A) than it had been on MarchIO.

;c I' 2 3 4 5 6 7· 8 9 31 1 2 3 4 5 678932123456"

FIG, lO5.-Vertical distribution of salinity off Boston Harbor at various seasons. A, March 5,1920 (station 20062); B ,
April 6, 1920 (station :m89);C, May 16, 1920 (station 20123); D, August 20,1913 (station 10106); E, December 29 ,
1920 (station 10488)

Wide local variation is to be expected in this respect,depending on how actively
thai water is stirred by waves and tides, in even as small an area as Massachusetts
Bay, where a vertical range of about 0.6 per mille developed in the central part by
April!22 to 23~ 1925, though the waters of Cape Cod Bay still continued nearly homo
geneous, vertically, but about 1 per mille less saline than they had been on March 10.
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FIG. lO6.-Vertical distribution or salinity off northern Cape Cod in various lilonths. A, April 18,1920
(station 20116); B, May 16,1900 (station 20126); D, July 14 1913 (station 10213)

The freshening effect of the discharge from the 'Merrimac and Saco Rivers seems
alsoito have penetrated down to a considerable depth into the gulf during April of
1913 (stations 8 and 18, William Welsh; p. 981). In 1920, however, this freshening
was confined to the upper 60 meters near Seguin Island and to the upper 35 to 40
meters near Mount Desert Island (fig. 107), up to the middle of April.

The upwellings caused by offshore winds,which temporarily raise th&salinity
of the surface along the western shores of the gulf (p. 709) ; exert a corresponding effect
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on the deeper strata as water moves over the bottom from greater depths farther out
at sea. Observations taken off. the Isles of Shoals on April 16 and 22,1913, illustrate.
this by an increase in the salinity of the whole column.

Any April profile running out from the northern or western shore of the gulf
will show the effect of the vernal runoff of land water by a band of low surface
salinity at the insho;re end, broader or narrower and with actual values higher or lower,
according to the exact locality. Profiles from Massachusetts Bay (fig. 110) show it
as a wedge less saline than 32 per mille based against the western slope of the gulf.
Profiles normal to the coast anywhere between Portland and Penobscot Bay, for
this same month, would have cut across still lower salinities next the land. Its
direct result is the development of a stratum less saline than 32.5 per mille, 50 to
60 meters thick, by April, blanketing the surface from the western shores right

.4 .5 .6 .7 .8 .9 32 .1 .2 .3 .4 .5 .6 .7 .8
Meter 0

FIG. 107.-Vertlcal distribution ofsalinl.ty a few miles off Mount Desert Island in various months. A,
March 3, 1920 (station 20056); B, April 12,1920 (station 2(099); C,July 19.1915 (station 10302); D,
August 18, 1915 (station 10305); E, October 9. 1915 (station 10328)

out to the central part of the basin, where only a superficial layer, 10 meters or so
thick, has so Iowa salinity in March.

Observations taken in the eastern side of the gulf at any time during the few
weeks when the Nova Scotian current is bringing a large volume of comparatively
fresh water past Cape Sable would show a similiar wedge of low salinity, basing on
German Bank and extending out over the eastern side of the basin. This state is
illustrated on the profile for 1919 (fig. 103). In 1920, however, neither of our
spring cruises coincided with this eyent, so that the isohalines projected in east-west
profile inclose homogeneous water over German Bank (fig. 110), just as they do at
other times of year.

Along the western coast of Nova Scotia (figs. 109 and 110) the tides stir the
water so thoroughly that vernIII alteration at firstproceedsata nearly uniform rate,
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surface to bottom, out to the 100-meter contour. Mavor's (1923) tables show that
this is also the case in the Bay ,of Fundy up to about the middle of April, when so
great a volume of fresh water empties into the bay fr.omtheSt. John River and from
its other tributaries that in 1917 the salinity of the surface water of the center of
the bay fell to 29.2 per mille at the first of May.

The effects of the vernal freshening just described do not penetrate deeper than
80 to 100 meters anywhere in the open gulf before the end of April, unless in excep
tional years; consequently, the deeper waters either continue virtually unchanged
through that month or become slightly more saline by incorporation of the water
that moves in through the Eastern Channel.

During the spring of 1913 the" deepest strata of Massachusetts Bay continued
to show this comparative constlincy up to April 3 (fig. 111 ; Bigelow, 1914a, p. 392),
although the surface had already freshened by about 0.5 per mille; and while the whole
column of water in Massachusetts Bay freshened appreciably from March 10 to April
23 in 1925, as just noted (p. 729), the vernal cycle of 1920 paralleled that of 1913 by

~ g ~ ~. !! ~ 3
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M_O J'?$'7Ji!..M. JM. 'JMI "'-~ n_
JlR6 .HH
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FIG. llG.-Salinity profile running eastward from MassaChusetts Bay to the offing of Cape Sable, April 6 to 18, 1920

an increase in the salinity of the bottom water over the gulf as a whole from mid
March to mid-April at depths greater than 100 meters, except in its southeastern
parts, where little alteration took place.

Thus the salinity of the bottom water of the bowl off Gloucester increased by
about 0.1 to 0.2 per mille from March 1 to April 9 of that year. While little altera
tion took place in the salinity of the western side of the basin at depths greater than
100 meters during the first half of that April (fig. 112), that of the central part rose
by 1.1 per mille at 180 meters (fig. 113), with a corresponding increase of 0.2 to 1
per mille for the whole column of water in the northeastern part of the trough off
the mouth of the Bay of Fundy (fig. 114, stations 20081 and 20100).

As a result of this salting of the deep water, combined with the freshening of
the surface, the vertical range of salinity becomes much wider in the western part of
the gulf byrilid-April than it is during the first half of March.' Off northern Cape
Cod, for example, the spread between surface and bottom values increased from
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aboutOA per mille on March 24, 1920, to about 0.9 per mille on April 19 (fig. 106), and
~O.6 per mille on April 6 off Boston Harbor, where the whole coh,Jmnofwater had
been. virtually uniform, surface to bottom, on March 5. However, the curve!! for the
several pairs of stations remained more nearly parallel from March to April in the
eastern side of the gulf, although the salinity had increased considerably in the mean
time, (figs. 108, 114).
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SALINITY IN HORIZONTAL PROJECTION BELOW THE SURFACE IN
APRIL

The deeper down in the gulf the salinity is charted in horizontal projection for
April, the more nearly does it parallel the winter state. Thus the band of low salin
ity (31 per mille) so conspicuous along the northwestern margin of the gulf on the
surface chart for mid-April (fig. 101) is but faintly suggested at 40 meters (fig. 115),
where the recorded values were only slightly lower (32 to 32.3 per mille) than in the
center of the basin (32.4 to 32.5 per mille) and closely reproduced the March stat~
(fig. 93). How little effect the vernal inrush of river water exerts on the deep strata

,of the Massachusetts Bay region before the end of April appears from the deep
readings taken there in thethird week of the month in 1925 (fig. 102).
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An interesting change did take place, however, at the 40-meter level in the easi
em side of the gulf from March to April in 1920, the pool of saltest (33 per mille)
water (p. 708) having drifted northward, so to speak, from the offing of German Bank
to the offing of Lurcher Shoal,but having been cut off, at the same time, from the
still more saline water outside the edge of the continent by a considerable decrease
in the salinity of the southeastern part of the basin and of the Eastern Chann~l (cf.
fig. 115 with fig. 93). This change, however, did not result from an expansion of the
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cold Nova Scotian water in this direction because -accompanied by an increase in
temperature.

The most obvious effect ofthe increase that takes place in the salinity of the deeper
levels of the gulf during the spring is to carry the isohalines for successive values west
ward, until the entire basin at the 100-meter level was made more saline than 32.6
per mille by mid-April in 1920, and most of its area more saline than 33 per mille
(cf. fig. 116 with fig. 94). : As 8. result, the west-east gradation in salinity decreased,
and at the same time water more saline than 33 per mille flooded in toward· the
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southeastern slope of Georges Bank,.obliterating·thefre8herpool that; hadoceupied
that situation in March.·

On the other hand the water more saline than 34 per mille that had occupied the
eastern side of the Eastern Channel in March had sunk deeper than 100 meters by
mid-April, with a corresponding decrease in temperature (p. &53).

This general and rather complex seasonal alteration is illustrated .more graphi
cally in profile by the flooding of the entire basin with water more saline than 34
per mille, at depths greater than 140 to 160 meters, from March to April, on a line

.4 .5 6 7 8 9 33 1 2 3 4 5 6 7 8 9 34 1 2
Metei' 0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

i90

200

\
.\
\
\

B\

~
c

A

r\
" '" \

i'... ~
........
~

0-~
\ '\~

\ "- "\ \ '" " "\...
\ i\ i\.. ~
AI\

\ \. ".
'"

c, 0, ......
i'..

'" 't B

"......
i'... \ i'o
.~ .........

................

FIG. 113.-Vertlcal distribution of salinity in the center of the gulf near Cashes :Ledge. A, March 2,
1920 (station 20(52); B, April 16, 1920 (station 20114); C, May 5,1915 (station 10268): D, Septem
ber I, 1915 (station 10308)

running southward from Mount Desert (fig. 117). This was accompanied by a flat
tening out of the undulations that had marked the upper boundary of the bottom layer
of high salinity in March (p. 717), the isohalines for 33 to 33.5 per mille sinking in the
eastern side of the basin and rising in the western.

However, the level where the salinity altered most rapidly with increasing depth
remained approximately constant in the basin from March to April in 1920, centet
ing at about 150 meters; the limits of salinity within which the gradient was most.
rapid (33 to 33.5 per mille) also remained constant, and the banking up afthe ultesft
water of the basin (34.5 per mille) against the slope of German Bank persisted.
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It is unfortunate that no observations were taken in the Bay of Fundy in Ap~
1920; lacking such, it is impossible to state whether or not this expansion of waterof
high salinity involved the bay. In 1917 an alteration of the opposite sort took place
there from February to April, evidence that the incorporation of fresher water from
above was more than sufficient to counteract the effect of any indraft at the bottom;

A cross~section of the Eastern Channel for April (stations 20106 to 20108)
would reproduce the March picture (fig. 99) so closely that it need not be reproduced
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here. The only difference worth comment is that the whole column of water on
Browns Bank had become vertically equalized during the interval at a salinity (32.7
per mille) about equaling the mean of the corresponding stratum over the channel,
evidence that no important overflow had taken place over the bottom of the bank

.meantime, either from the west or from the east. The distribution of salinity in the
trough of the channel also points to a slackening of the inflow along the bottom
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from March, when the saltest water was definitely banked up against its right-hand
wall (fig. 99), to April, when the data for stations 20107 and 20108 gave little evidence
of this, though the salinity of the water over the slope of Georges Bank, had oont.in
ued almost unaltered.

The course of events in the deeper strata of the gulf may then be reconstructed
as follows for the period March to April of 1920: The presence of a much greater
'VOlume of water more saline than 34 per mille in April than in March proves an

FIG. 115.-Sallnlty at a depth of 40 meters, April. 1920

active pulse inward along the floor of the Eastern Channel, during the first part of
the period. This indraft not only effected a considerable increase in the salinity
of the bottom water of the basin of the gulf, but resulted in a wide expansion of
the area occupied by water more saline than 34 per mille (cf. fig. 118 with fig.
100), as well as raising its upper boundary closer to the surface.

The state of the gulfin April, 1920, added to the data for the summer months,
makes it almost certain that this 34 per mille water never overflows the coastal
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slope above the loo-meter contour within the gulf; seldom, if ever, above the 200·
meter level in its western side, The extensive, plateaulike elevation of the bottom
in the offing of Penobscot Bay, intermediate in depth between these two levels, like..
wise rises above this highly saline bottom water, although the latter approaches
closer than this to the surface in the eastern side of the gulf,

In 1920 the inflowing bottom current slackened at least as early as the first part
of April, a.llowing the horizontal equalization of the water of the basin, just described,
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FIG. 116.-Sallnlty at a depth of 100 met6rs, April 6 to 20, 1920

and its vertical equalization on Browns Bank; but the general anticlockwise circu
lation of the gulf continued to carry the more saline water around the basin, thus
increasing the salinity of its western side and lessening the regional variations of
salinity. On the other hand, the southern side of the Gulf of Maine eddy brought
water of comparatively low salinity out of the basin, to the eastern part of Georges
Bank, and to that side of the Eastern Channel, in the mid~depths, This probably
represents the normal course of events, though no doubt the seasonal schedule falls
earlier in some years, later in others,
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ANNUAL VARIATION IN THE SALINITY OF THE BOTTOM WATER IN
APRIL

The station data for 1920 picture salinity in the deep trough of the Gulf of
Maine during a spring when a very considerable volume of water enters via the
bottom of the Eastern Channel. Probably the deep water was equally saline in April,
1913, if not more so, when thesurface of the southwestern part of the gulf and the whole
column of water on Georges Bank were considerable salter than at the corresponding

10' 88' 8.'

FIG. l1S.-Depth below tbe surClICe of the Isobalobath of 34por mille, April 6 to IS, 1920

date in 1920 (p, 725). In 1919, however, no salinities higher than 33 per mille were
recorded in the bottom of the basin either in March or in April (fig, 103; ice patrol
stations 1 to 3 and 19 to 22). This difference is partly to be explained on the assump
tion that the indraft into the bottom of the gulf ceases during the period (later or
earlier in the spring in different years) when the Nova Scotian current is flooding
into the upper strata of the gulf from the east. In part, too, the difference between
lower salinities in the deeps of the gulf in 1919, than in 1920, can be explained by
the fact that the one was an early and the other a tardy season. However, so wide
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a spread suggests that the bottom of the gulf had actually received much more
"ater via the channel in 1920 than in 1919 during the whole winter.

No cause can yet be assigned to annual differences of this sort, except that they
do not result from local influences operative within the gulf, but from the state of

'the reservoir outside the edge of the continent, which supplies the indraft (p. 848).

SALINITY IN MAY

SURFACE

. The salinity of the gulf is especially interesting during the first half of May,
'because the two most important events in its vernal cycle-freshening of the surface
by land water in the western side, and by the Nova Scotian current in the eastern
side-culminate then. Unfortunately we have not been able to carry out a general
oceanographic survey of the whole area of the gulf in anyone May, nor have obser
vations been taken in its southeastern part during that month; but the data for
1913, 1915, 1919, 1920, and 1925 afford a composite picture, which may be taken as
representative for normal years because all are fairly consistent.

In 1913 the surface salinity fell to its minimum (29.5 per mille) near the Isles
of Shoals about May 5, followed by an increase to 30.9 per mille in the middle of the
month; and while a northwest gale on the 10th, 11th, and 12th no doubt was
partly responsible for this increase by bringing up more saline water from below, the
spring influx of river water had evidently passed its peak by the first week of the
month, to be gradually absorbed into the general circulation of the gulf thereafter.

Unfortunately, close comparison is not possible between the years 1913 and 1920,
for this region, because the locations of the stations do not coincide, which may cause
avery considerable difference in salinity where the precise value depends so much on
the proximity to the mouths of rivers. However, the surface again proved much
fresher south of the Isles of Shoals on May 7 to 8, 1920 (station 20122, 28.26 per
mille), than it haq on April 9 (station 20092, 31.01 per mille)-a value even lower
than any recorded for 1913.

In 1920, too, the salinity of the surface of the northern part of Massachusetts
Bay was almost as low as this on May 4 (stations 20120 and 20121,29.1 to 29.16 per
mille), but apparently this was close to the minimum for the month because followed
by a considerable increase at this same general locality to about 29.9 per mille during
the next 10 days (stations 20123 and 20124).

In 1925 no observations were taken in Massachusetts Bay during the first 10 days
of May, when salinity was probably at its lowest there; and the values recorded there
on the 20th to the 22d (fig 119) Wl'lre so high 87 that some increase may be assumed
to have taken place during the second and third weeks of the month in that year,
asit certainly did in 1920.

Whether or not the surface salinity of the northern part of Massachusetts Bay
fell below 30 per mille for a brief period in 1925, as April readings as low as 29 per
mille in Ipswich Bay (p. 725) suggest, water of relatively low salinity was certainly
drifting southward past Cape Ann as late as the third week of that Mayas a
tongue less saline than 31.5 per mille directed toward Cape Cod (fig. 119). The

87 31.1 to 31.9 per mille at the surface, averaging 31.6 per mllle.(Fish Hawk cruise 13).
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regional uniformity of the inner parts of the bay, where the surface values varied
only from 31.3 to 31.8 per mille at 16 stations, also shows how little the discharge
from the small streams that empty along the coast line of the bay affects its salinity.

This drift past Oape Ann seems to have hugged the shore of the bay more closely
in 1915, because the surface value was much higher at the standard station off Glouces
ter on May 4 of that year (station 10266, 32.32 per mille), than any other surface
reading for the bay in Mayor in April. Oonsiderable variations are theref\ore to be
expected in the salinity of Massachusetts Bay from one May to the next, both in the
precise value and in the date when the water is freshest, reflecting the considerable
distance from the freshening sources-the rivers to the northward of Oape Ann.
Even in years when the discharge of these rivers is up to normal, and when the
freshets fall at the usual season, the southerly drift need only be turned slightly more
offshore than usual, by the jutting promontory of Oape Ann, to pass by Massachu
setts Bay altogether. In this case the bay would be a sort of backwater, with its
surface changing little in salinity from winter through spring. It is probable, there
fore, that Massachusetts Bay experiences a wider annual variation in the salinity of

.its surface waters in spring than any other coast sector of the Gulf of Maine. .
The Bay of Fundy illustrates the seasonal cycle where the salinity of the surface

reflects the discharge from a large river (here the St. John) close by. Thus, Mavor
(1923, p. 375, table 8) records a very sudden decrease in the salinity of the surface,
from 32.5 per mille in the middle of April, 1917, to 27.9 per mille on the 4th of
May, at a locality between Grand Manan and Nova Scotia, followed, however, by
an increase equally rapid to 31.5 per mille by the middle of June. While 1917 is
the only spring (and this the only locality) for which the vernal cycle of the open
Bay of Fundy has been followed, month by month, it is probable that the seasonal
fluctuation outlined by Mavor represents the normal course of events, the surface
freshening suddenly when the St. John and the Nova Scotian rivers come into flood,
and salting again after the freshets subside as the land water becomes mixed into
the bay by the strong tides.

The lowest value to which the surface salinity of the open Gulf of Maine ever
falls can not be stated, lacking data near the mouths of the other large rivers at
the critical dates in early May. In the Bay of Fundy, 27.9 per mille, just men
tioned, is the lowest so far recorded; and salinities equally low are to be expected
close along the coast line, thence westward to the Merrimac, though only for a few
miles out from the strand, and perhaps hardly outside the outer islands.

The combined chart of surface salinity for the offshore waters of the Gulf for
May (fig. 120) shows the freshest water « 32 per mille) continuing to hug the coast,
much as in April (fig. 101); but the great volume of river water that is poured into
the gulf at this season so freshens the surface next the shore that the transition to
the more saline water offshore is far more abrupt in May than in April; especially
off the coast sector between Portland and Oape Ann, where a change of as much as
2 to 3 per mille may be expected at the surface in a distance of 5 to 10 miles, as one
runs offshore from the 100-meter contour in May. The development of so fresh a
band next the coast admits of but one interpretation-namely, that the non-tidal
drift then parallels and closely hugs this part of the shoreline southward as far 88
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Cape Ann (p. 948), and that land water does not Jan out from the coast of Maine or
from the Bay of Fundy toward the center of the gulf.

. The evidence of salinity is positive in this connection, there being' no source for
surface water less saline than 30 per mille within the Gulf of Maine other than the
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FIG.l20,-8aJlnity at the surface, May 4to 14, 191~. combined with May.4 to 17, 1920

rivers tributary to it. Once past Massachusetts Bay, however, the May isohalines
for 1920 (stations 20125 to '20129) very clearly show the freshest coast water (32 per
mille in this case). spreading out from Cape Cod across the southwestern part of the
basin about as far as Georges Bank, which seems to have bounded it at the time in
this direction (fig. 120).



PHYSICAL OCEANOGRAPHY OF THE GULF OF· MAINE 745

The most instructive feature of the May chart in the eastern side of the .gulf is
the similar expansion of surface water less saline than 32 per mille westward over
,the basin from the offing of Cape Sable, which owes its low salinity to the Nova
Scotian drift from the eastward.

The critical isohaline (32 per mille) bounding this tongue had been carried about
as far west into the gulf as this at least a week earlier in the spring of 1919, with
actual values almost precisely the same.88 Consequently, the picture presented on
the surface chart for May (fig. 120) may be taken as typical of the season when the
flow into the gulf past Cape Sable is at its maximum, irrespective of the precise
date when this falls.

The lack of data on the salinity of the southeastern part of the Gulf of Mame
for May is a .serious gap, for without such it is impossible to tell how far the fresh
ening effect of the Nova Scotian water extends toward Georges Bank, or ,Over the
latter, when it is at its maximum. However, it is certain that water of low salmity
from this eastern source did not reach the southwestern part of the bank at any
time prior to the 17th of May in 1920, whatever may have happened later that spring,
because no appreciable alteration took place in the salinity of the surface, which
was about the same there on that date (station 20129) as it had been on February
22 (station 20045) .

We also await observations on the 'salinity of the shoal water along the west
coast of Nova Scotia forMay, to show how low it is reduced there by vernal fresh
ening from local sources. It is not likely, however, that the eastern margin of the
open Gulf of Maine ever falls below 30 per mille in salinity, unless right llt the mouth
of some stream, because no large rivers open along this part of. the coast, because the
outflow from the Bay of Fundy is directed westward (p. 916), and because there is
no reason to suppose that the Nova Scotian current ever brings water less saline
than about 30.8 to 31.5 per mille past Cape Sable.89

It is a question of moment in the natural economy of the gulf whether and to what
extent the water of the Nova Scotian current turns northward after it has passed
Cape Sable. This the reader will find discussed in another chapter (p. 680). I need
remark here only that the surface salinities for May, 1915, and especially the course
of the isohaline for 32 per mille (fig. 120), mark a westward drift toward the center
of the gulf; but considerably lower salinities off the mouth of the Bay of Fundy in
May, 1915, than in April, 1920, suggests some movement of water in that direction
also, from the cape, as characteristic of this season.

The vernal freshening of the coastal belt of the gulf by land water, and of the
eastern side by the Nova Scotian current, are annual events, though differing from
year to year in their time schedule as well as in the magnitude of the alterations
they cause. A considerable divergence from year to year has been recorded in May
in the west-central part of the gulf, which neither of these sources of low salinity
appreciably affects up to that season. If the early May. state of this part of thE
gulf in 1915 (fig. 120) be the regular seasonal sequence to the April. stllote, as repre·
sented by 1920 (fig. 101), a considerable salting of the superficial water layer i.e:to bE

88 Surlace salinity 31.98 per mille at Ice Patrol station 21; 31.71 per mille at Ice Patrol station 22 on OermanBBDk.
8. Neltl!er tl!e Ice Patrol nor tl!e Oanadlan Fisheries Expedition have reported salinities lower thlill13().8ll\lr. ml1leBlong the.

outer olOBSt of Nova Scotia In Apiil or May. .
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expected there, raising the surface value from 32.5 to 33 per nrille over the western
arm of the basin from the one month to the next. An increase of this sort in the
surface salinity, taking place at a season when the waters to the west and to the
east freshened, would of itself suggest local upwelling. This explanation is corrob
orated, also, by the fact that the upper 120 to 130 meters proved nearly as homo
geneous there vertically, in salinity, on that occasion as in either March or April, and
about 0.6 per mille more saline in absolute value (fig. 112), instead of showing the
oonsiderablevertical range of salinity that might otherwise be expected to develop
in this region by May.

West-east profiles of the gulf also give unmistakable evidence that some such
circulatory movement did take place in 1919 between the end of April and the end
of May (fig. 121), by which date a strong pulse in the inftowing bottom current had
raised the upper boundary of water, more saline than 32.5 per mille, to within 20
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FlO. 121.-8allnlty profile running eastward from the offing of Oape Cod toward Oape Sable, May 29 to 30, 1919 (Ice patrol
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meters of the surface in this side of the basin. Some upwelling is therefore to be
expected in the western side of the basin from April through May, correlated with
the speeding up of the anticlockwise circulation that follows the freshets from the
rivers tributary to the gulf (p. 916). The actual alteration which this effects in the
salinity of the surf~e stratum, however, may not be as wide in any given year as
the difference between the April records for 1920 and those for May, 1915, might
suggest, because it is possible that these two years illustrate two extremes-the one
lower in salinity than is usual, the other higher. ,-

BELOW THE SURFACE

The fact that May sees the culmination of vernal freshening from the land,
and also the maximum expansion of the Nova Scotian current past Cape Sable,
lends interest to the subsurface salinities for the month.

Perhaps our most instructive illustration of how. strictly the decrease in the
salinity of the coastal belt is confined to the superficial stratum of water up to this
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season is afforded by the station data for 1920 at the mouth of Massachusetts Bay
(station 20120) for May 4, when the upper 15 meters was near its minimum salinity
for the year and homogeneous (29.1 to 29.2 per mille), but with the salinity
increasing by 2 per mille in the next 15 meters of depth to 31.13 per mille at 30 meters.
A vertical distribution of this type, coupled with the fact that the deeper water there
was less saline on that date than it had been two weeks previous (station 20092),
is evidence that when the tongue of water of low salinity described above (p. 741)
first spread southward past Cape Ann, vertical mixing was active enough for it to
dilute the whole column of water at the mouth of the bay. The latter, however,
was followed in turn by an increase in the salinity of the whole column during the
next 12 days, resulting primarily from a movement of more saline water inward
over the bottom (fig. 122; stations 20120 and 20124).

Events seem to have followed a similar course in the Isles of Shoals region in
1913, when Mr. Welsh recorded a progressive increase in the mean salinity of the
whole column of water, in depths ranging from 36 to 48 meters, from about 31.1
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FIG. 122.-Vertlcal distribution of salinity at tbe mouth of Massachusetts Bay. A, April 20,1920 (sta

tion 20119); B, May 4, 1920 (station 2(120); C, May 16, 1920 (station 20124)

per mille on May 10 to 13,31.5 per mille on the 13th, and 32.7 per mille on the 16th,
resulting in the recovery of the bottom salinity (32.2 to 32.6 per mille) almost to
the April value (32.5 to 32.8 per mille). Evidently the absorption of freshet water
from the rivers into the general circulation was accompanied by some indraft of
water of high salinity from offshore in this region; otherwise the mean salinity of
the column of water would not have increased as it did.

On the other hand, the salinity of the bottom water of Massachusetts Bay
changed very little from April to May in 1925 90 at depths greater than 40 meters,
except for a slight decrease near Cape Ann, reflecting the surface drift from the north
(p. 741). It is certain, therefore, that bottom water does not enter the bay every
May in as great volume as it did in 1913 and 1920.

In the coastal sector between Cape Cod and Penobscot Bay the vertical range
of salinity is wider in May than at any other time of year-widest of all off the
river mouths and along the track followed by the discharges from the latter. Off
the mouth of the Kennebec, for example, the surface had freshened to 29.6 per mille
by May 13,1915, a value about 3 per mille below that of the 50-meter level (about

. .
.0 Fhll Hawi oruises 12 and 13.
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32.4 per mille, station 102'77). It is probable, also, that this generalization applies
equally to the eastern coast of Maine, though our data are less satisfactory for this
sector. Mavor's(1923) records for the springs of 1917 and 1918 also prove it equally
applicable to the central part of the Bay of Fundy, where· for a brief period in. May
and early June river water (chiefly from the St. John) causes a vertical range of
salinity as wide as ever obtains anywhere in the open waters of the gulf.

In the eastern side of the gulf, however, which receives land water in only rela
tively small amount, the whole column continues so thoroughly mixed by the tidal
currents throughout the spring that our standard station on German Bank (fig. 109)
has shown no more difference between the surface and the bottom in May (station
10271 and Ice Patrol stations 22 and 38) than'in April, on the one hand, or in June
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B, April 10, 1920 (station 20097); C, May 12, 1916 (station 10276): D, June 14, 1915 (station
10287); E, October 9, 1915 (station 10329)

or August, on the other, though the actual values were considerably lower for May
of the years 1915 and 1919 (31.7 to 32 per mille) than for any other month of record.
This also applies to the vicinity of Lurcher Shoal, a few miles ·farther north (fig.
108), where the graph for May nearly parallels those for March, April, and
September, though lower in salinity.91

The directions in which the discharges from the large rivers spread out over the
surface are betrayed by the vertical distribution of salinity as well as by the actual
values as represented in horizontal projection. Thus, the fact that salinity altered
very little in the trough off the Isles of Shoals from :March to April, 1920 (stations
20061 and 20093), with the values for May 14, 1915 (station 10278). differing by
l~ss than 0.5 per mille from April, 1920, locates the line of transition (from the region of

II Thirty-two per mllle at the surface to 32.3 per mille on bottom In 90 meters, May 10, 1915, stetlon 10272.
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highly variable to that of more nearly constant salinity) close to the Isles ofShoals.
The zone within which river discharge rapidly increases the vertical range of salinity
in spring is no wider than this off Penobscot Bay, for the Grampus found the bottom
(32.43 per mille) only about 0~6 per mille more saline than the surface (31.8 per
mille) in 80 meters 3 miles off Matinicus Rock on May 12, 1915 (station 10276),
though the whole column was 0.2 to 0.6 per mille .less saline· then thlm it was on
the 9th of the following October (station 10329) or on January 1, 1921 (station
10496).
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The freshening effect of the Nova Scotian current affects the vertical distribu
tion of salinity of the region influenced by it in precisely the same way as drainage
from the land, by producing a wide range between the surface and the deep strata~

The notable difference between graphs in the eastern side of the basin for March,
1920, and for May, 1915 and 1919, illustrate this (fig. 124) by a considerable fresh
ening of the whole stratum of water shoaler than 100 meters.92

liThe actual data suggest a decrease of about 1 per mille at the surface and 0.7 per IJ)ille'at 75 metere 88 normal for thllpericxJ
during which the drift from the east Is gaining bead; but annuallluctuations of unknown amplitude complicate the picture. .
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If the contrast between the salinities for the early spring of 1920 and for May,
1915, represents the succession normal for this time of year, a very considerable
freshening also takes place at greater depths in the eastern side of the basin from
March and April to May, the graphs (figs. 114 and 124) suggesting an average
decrease of about 0.6 to 0.8 per mille at 100 meters and deeper. Such a reduction
of the salinity back to about the March values naturally would follow any slackening
of the inflowing bottom current, but would be less and less apparent the farther from
its source of supply. A regional relationship of this sort does, in fact, result from our
station data, which show the salinity of the bottom water of the western side of the
basin only slightly lower in May and June, 1915, than in March or April, '1920
(fig. 112).

The upwelling of water more saline than 33 per mille in the western side of the
basin, which follows or accompanies the incorporation of river water into the one side
of the gulf and of the Nova Scotian current into the other, causes a much more
abrupt transition in salinity between cQastal belt and basin at 40 meters in May
(fig. 125) than in April (fig. 115); still wider than in March, and a regional distribu
tion more nearly paralleling the surface (fig. 120). The gradation from 31.7 to 31.9
per mille next the land to 32.8 to 33 per mille in the west-central parts of the basin,
shown on this May chart, is probably typical for the month, though no doubt the
precise spread between inshore and offshore values varies somewhat from year to
year and would probably have proved somewhat narrower in 1925, when the 40-meter
values for Massachusetts Bay in May averaged slightly higher (32 to 32.6 per mille)
than was the case in 1915 or in 1920.

Up to May the decrease in salinity attributable to vernal freshening is
confined to even a narrower coastal belt at 40 meters than at the surface,
hardly any change being indicated more than 10 miles out from that contour
line in the western side of the gulf93 or farther south than the offing of Cape Cod,
where the 40-meter values were somewhat higher on May 16 to 17, 1920 (32.3 to
32.5 per mille at stations 20125 and 20126), than they had been a month earlier
(32.1 to 32.2 per mille at stations 20116 and 20117 on April 18). The salin
ity at this depth was also about the same in the southwest part of the basin and on
Georges Bank in that May (32.5. per mille) as it had been at the end of February.
In spite of this apparent agreement, however, the water less saline than 33 per
mille must actually have increased considerably in volume in the offing of Cape Cod
during the interval to account for its expansion out from the bank to the seaward
slope of the latter, where salinity decreased by about 1 per mille at 40 meters between
February 22 (station 20045, about 33.8 per mille) and May 17 (station 20129,
about 32.9 per mille).

It is probable that the salinity of the 40-meter level falls below 32 per mille every
May over a considerable area out from the Nova Scotian shore of the gulf, where
the Nova Scotian current then holds sway; and if 1915 was a typical spring in these
waters (which I see no reason to doubt) the drift of this water of low salinity from
its more eastern source is directed more definitely wes.tward toward the center of the
gulf at this depth than it is at the surface, with less evidence of any dispersion north
ward toward the Bay of Fundy (p. 745). Reduced to terms of distance, the seasonal

.. This follows an extremely Irregular course.
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mationship just outlined 'points to a translation of the isohaline for 32 per mille
about 100 miles westward from the location occupied by it before the current begins
to flood past Oape Sable in appreciable volume.
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FIG. 125.-Sallnity at a depth of 40 meters, May 4 to 14, 1916 (plain figures), combined with May 4 to 17, 1920 (uilder
lined ligures). The encircled llgure In the Bay of Fundy Is for May 4, 1917, from Mavor (1923). Dotted curves
are lIllSWDed

Apparently this drift was still in operation at the date of our May cruise in lp15
(the 4th to the 10th). Had it not been, and had absorption of the water of low salinity
from the east into the general circulation been well advanced, the transition from
salinities lower than 32 per mille in the east to 32.6 to 32.8 per mille in the center of the
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gulf would hardly have been as abrupt as we actually found it (figs. 125 and 126).
Therefore, the salinities'prevailing at the time were not reminiscent of some preceding
event (as is too often the case), but evidence of a present state of circulation.

The isohaline for 32 per mille reached the eastern side of the basin at the time
(fig. 126); and as the Grampus sailed eastward from this station (10270) on May 6
she did actually stem a current flowing westward with considerable velocity, as de
scribed in a later chapter (p. 917). In fact, it is unusual for the distribution of salinity
to accord as closely with direct navigational observation of a surface current as hap
pened on this occasion. The profiles for 1919 also show this Nova Scotian drift
(outlined in this case by the isohaline for 32 per mille) reaching the eastern side of
the basin, but no farther, at the beginning of May and again at the end of the month
(fig. 121), in each case wedge-shaped in longitudinal section and involving the whole
upper 100 meters on the slope of German Bank, but thinning out to nothing at its
western edge.

... 't;; : Statio... ~ Ii! ;::
:ll '" ~ 2 ~ ~
~~~2 ~ ~~:~ ~'~_~
-- ~--- ---------- -~----~-
.64 .mT __~ ...!'!!.. _ ~_ -:::IJS'~

FIG. 126.-Sallnity profile rnnning eastward from the month of Massachusetts Bay to German Bank, May 4 to 7, 1915

•
If the May charts for 1915 (figs. 125 and 127) represent the normal seasonal

succession to the April charts for 1920, as close correspondence in 1919 makes likely,
an increase of 0.5 per mille (more or less) may be expected in the western side of the
basin from the one month to the next at the 40-meter level, contr/!-sting with the
decrease in salinity that involves the whole coastwise zone, and an increase of about
0.2 per mille at the 100-meter level, though the precise magnitude of this change no
doubt varies from year to year. This is reflected attlle40-meterlevel, just as at
the surface, by a shift of the most saline center across the basin of the gulf from east
to west (cf. fig. 115 with 125), as well as by the development ,of a mass of water of
high salinity in the upper 100 meters in the ofling of Massachusetts Bay, illustrated
in profile (figs. 121 and 126).

This slight increase in salinity in the western side of the basin, cou.pled with the
freshening of the eastern side for which the Nova Scotian current is responsible,
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f.uDdsto' equalize the regional inequalities in the mid levels of the gulf (fig. 127)0.8
~ spring draws to a olose. Thus, the extreme range of salinity iIi the gulf was
little more than half as wide at 100 meters in May, whether of 1915 or of1920
(about 0,7 per mille, fig, 127), thaD in April or in March of 1920 {respectively, 1.1
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FIG. 127.-SaJlnlty at a depth of 100 meters. May 4 to 14,1915 (plain figures). comhlned with May 4 to 17, 1920 (underlined
.figUres) .. The encircled figure In the Bay of Fundy Is for May 4,1917,.frOI;Jl ¥avor(1923)

llJld 1.3 per mille, figs. 94aild 116). At 175 meterS (chosen.-as represeiltativeof the
deep water of the gulf because this pa:rticular contour best ou'tlihes the trough of its
basin) the extreme range ofsalinity was.onlyO.5Permille.(32.94 to 33.46 per mille)
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for the northern side during the first half of May, 1915-i. e., less than half the
regional variation recorded there for Marchand April of 1920 (32.91 to 34.1 per
mille).

The locations of the isohalines for 33 per mille from month to month on the 100·
meter charts for March (fig. 94), April (fig. 116), and May (fig. 127) illustrate the
expansion of water of comparatively high salinity westward across the basin
during a strong pulse in the inflowing bottom current, and the recession to be
expected when the indraft is weak. Some change of this sort is consistent with the
general progress of the vernal cycle. Salinity averaging about 0.6 per mille lower
over the basin of the gulf at 175 to 200 meters in May, 1915, than in April, 1920, is
probably to be explained on this same basis; but the observations taken by the Ice
Patrol cutter in 1919, when the salinity of the east-central part of the basin
increased through May, proves that the indraft continues active right through
the month in some years.

The differences that may be expected in this respect from one May to the next
are more graphically illustrated by the west-east profiles of the gulf for that month
of 1915 (fig. 126) and 1919 (fig. 121). Note especially the thick band of 34 per
mille water on bottom in the latter year in the eastern side of the gulf, where the
value was only slightly more saline than 33.5 per mille in 1915. The fact that this
is the only month when we have found the salinity of the basin lowest, as a whole,
in the eastern side, not in the western, deserves emphasis.

The decrease in salinity that took place from February, 1920, to May over the
continental slope to the southwest of Georges Bank has already been mentioned
(p.750). At 100 meters the May value (station 20129, ±34 per mille) was the lower
by 1.3 per mille.

Unfortunately no water samples have been collected in May along the 400-mile
sector of the continental edge from the offing of Nantucket eastward to the offing of
Sable Island, where 100-meter values varying from 33.4 tb 34.8 per mille have been
reported by the Canadian Fisheries Expedition (Bjerkan, 1919; Acadia stations 9
and 10) and by the Ice Patrol 94 in the years 1914,1915, and 1922, evidence of con
siderable fluctuations in the physical state of the slope water.

With the low values just stated, and values even lower at the same relative
location off the eastern slope of Georges Bank in March and April, 1920 (32.8 to 33.46
per mille at 100 meters, stations 20068 and 20109), off Shelburne, Nova Scotia, on
March 19 of that year (33.78 per mille at 100 meters, station 20077), it is evident
that water of 35 per mille is usually separated from the slope by lower 'Salinities east.
ward from Georges Bank to the tail of the Grand Banks during the third month of
the spring.

Additional information as to the salinity along the seaward slope of the Scotian
Banks in May is much to be desired.

SALINITY IN JUNE
A tendency toward progressive equalization is recorded from May to June as

the overflow of the Nova Scotian current past Cape Sable and the outpourings of river
waters are gradually incorporated into the gulf.

II Ice patrol station 29. May 17. 1914. 34.05 per mille at 200 meters; station *. May 19. 1915, 33.66 per mille at abOIJt 100
meters; station 213. May 28, 1922. 34.79 per mille at 100 meters; see U. S. Coast Guard (1916) and Fries (1923).
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In the year 1915 salinity was determined at 19 stations in Juile, sufficing to out
line the regional and vertical distribution for the eastern side of the area and out
across the shelf south of Cape Sable; while the Fish Hawk stations for 1925exten~

the picture to Massachusetts Bay.
The most instructive feature of the surface chart for June, 1915 (fig. 128), is its

demonstration that the drift of water of low salinity into the gulf from the east had
slackened, if not entirely ceased, since mid May, the isohaline for 32 per mille havine:
shifted 50 miles or so eastward from the location it occupied six weeks earlier (fi~.

120), the salinity of this side of the basin having increased from 31.78 per mille to
32.25 per mille during the interval. While the Nova Scotian drift may have extended
to the eastern parts of Georges Bank in May (p. 745), an abrupt transition along

FIG. 128..,...Surface salinity of the esstern and central parts of the GUlf ot Malne,lune, 1915

the eastern side of the Eastern Channel in June, from low values over Browns Bank
(31.5 per mille) to higher ones farther west, shows that it had ceased to expand in
this direction by that time.

The incorporation of river water, which is responsible for vernal freshening
of the coastal belt, was reflected, in 1915 by an average increase of 0.2 to 0.5 per
mille in surface salinity along the northern margin of the gulf from May (fig. 120) to
June (fig. 128, values ranging from 31.8 to 32.2 per mille). .

Within the Bay of Fundy, where the effects of the freshets from the St. John
River are responsible for a very sudden freshening of the surface from April to MaYi
as described above' (p. 743), the recovery is correspondingly more rapid than in the
open gulf, where the influence of anyone river is spread over a wider area. In 1917,
for example, the salinity of the surface water between Grand Manan and Nova
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Scotia rose from 27.9 per mille on May 4, to 31.49 per mille on June 15 (Mavor, 1923,
p. 375); and some such succession may be expected close in to the mouth of anyone
of the large rivers that, drain into the gulf.

No observations were taken in the western side of the gulf in June, 1915; but
the Fish Hawk stations for 1925 (figs. 129 and 130) show a similar increase of about
0.7 per mille in the surface salinity of Massachusetts Bay, from a mean of 31.57 per
mille on May 20 to 22 to a mean of 32.28 per mille on Jqne 16 to 17, with-no evi~

dence of the drift of water of low salinity into the bay from the north past Cape
Ann, which the isohaline for 31.5 per mille made apparant three weeks earlier
(fig. 119).

Contrasting with the general rise in surface salinity that takes place alongshore
and over the eastern side of the basin from May to June, as just described, the charts
for 1915 (figs. 120 and 128) show a corresponding freshening of the surface over the
western side of the basin, resulting from the general dispersal of land water out to
sea combined with a cessation of the upwelling that was taking place there in May
(p. 746). In that particular year the actual decrease off Cape Ann was from 33 per
mille on May 5 (station 10267) to 32.5 per mille on June 26 (station 10299)-evi~

dence of the gradual tendency toward the equalization that follows the temporary
freshening or salting of any part of the gulf.

I can say nothing of salinity over Georges Bank or for Nantucket Shoals in
June; data there for that month are desiderata.

Although no notable alteration takes place in t~ vertical distribution of salinity
from May to June, the following minor changes are worth attention:

The western branch of the basin, off Cape Ann (fig. 112), freshens notably from
the one month to the next in the upper 40 to 50 meters, but salts at depths greater
than 120 meters, resulting in a considerably wider range of salinity between surface
and bottom, a change important because of the greater vertical stability it gives to
the column of water as a whole.

It is doubtful, however, whether any seasonal alteration of this order extends to
the southeastern part of the basin, because the salinity of the upper 50 to 60 meters
was almost precisely the same there on June 25, 1915 (station 10298), as it was
two months earlier in the season in 1920 (station 20112, April 12); and while the June
station was slightly the salter of the pair at 100 meters, it was slightly the fresher
from 150 meters downward to the bottom. In the eastern side of the basin, too,
the vertical range of salinity decreases from May to June, instead of increasing, as
the Nova Scotian current slackens. The whole column of water over German Bank
was likewise (and for the same reason) about 0.2 per mille more saline on June 19
(station 10290, about 32.1 per mille) than it had been on May 7 (station 10271),
though as nearly homogeneous vertically, a condition maintained here the year
round by active tidal stirrings;, •

In the Bay of Fundy, between Grand Manan and Nova Scotia, Mavor (1923,
p. 375) found much less spread between surface and bottom on June 15,1917, than
on May 4, consequent on the considerable· salting of the upper stratum just de
scribed (p. 755); and the contrast between"the moderately wide vertical range of salin~

ity there, as weUas -at our own station. at the mouth of. the bay on June 10, 1915
(station 10282), and .the vertical homogeneity of the water of the Grand Manan
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Channel on the 4th (station 10281,31.8 per mille from surface to bottom), is an
interesting illustration of the local differences to be expected ~t neighboring stations
in these tide·swept waters. .

Near Mount Desert, too, observations taken at three stations on JUM Uto
14,1915 (stations 10284,10285, and 10286), show much less difference between sur·
face and bottom than on May 10 and 11 (stations 10274 and 10275), the surface
having salted by about 0.5 per mille in the interval, but the bottom by not more

M
3.2 2 4 6 8 33 2 4 6 8 34 2 4 6 8 35 2 4

eter ot=

FIG. 13l.-Vertlcal distribution of salinity In the southeastern part of the basin of the gulf. A, Marob, 1920 (station 200M);
B, April, 1920 (station 20112); C, June, 1915lstatlon 10298); D, July, 1914 (station 10226)

than 0.2 per mille. Off the mouth of Penobscot Bay, however, near the100-meter
contour, no appreciable change took place in the salinity at any depth from May
12,1915 (station 10276), to June 14 (station 10287).

In Massachusetts Bay, which receives very little river water from its own coast
line, the Fish Hawk cruises of 1925 showed an increase in salin.ity, surface to bottom,
between the 20th of May (cruise 13) and the middle of June, averaging about 0.7 per
mille for all the stations and levels combined, with a maximum change of 1.3 per
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mille, a minimum of 0.1 per mille.· This salting was greatest (0.7 to 0.8 per mille for
the whole column) across the mouth of the bay (stations 30 to 34) .and inward over
its deep central part (stations 18A and 3), consistent with the fact that the source for
any change of this order must lie in the still higher salinities of the deep water of the
basin in the offing. In spite of small local variations, however, which are always to
be expected from station to station near shore, depending partly on the stage of the
tide when the observations are taken, the average difference in salinity between the
surface of the bay and the 40-meter level was almost precisely the same on the JunA
cruise (0.7 per mille) as it had been three weeks earlier in the season.

The June stations (fig. 132) on' the continental shelf off Shelburne, Nova Scotia
(10291 to 10295), though outside the geographic limits of the gulf, strictly construed,

FIG. 133.-Sallnity at a deptb of 40 meters, last balf of June, 1915

are interesting in this connection as affording a cross section of the westward extrem
ity of the Nova Scotian current at the time. Here the vertical range of salinity
was wider than anywhere in the Gulf of Maine in that month, with values compar
atively uniform, depth for depth, over the shelf but considerably higher outside the
100-meter contour (station 10295).

Horizontal projections give a more graphic spacial picture of the seasonal alter
ations just stated. At the 40-meter level the relationship between May (fig. 125)
and June (fig. 133) is much the same as at the surface (p. 756)-the eastern side of
the gulf salter than in May, the western and northern sides of the basin less so, as
reflected by a translation of the isohaline for 32.5 per mille well out into the basin
from the position close to the coast of Maine, which it had previously occupied.



762 BULLETIN OF THE BUREAU OF FISHERIES

Although no considerable shift of this particular isohaline is indicated off Massaohu
setts Bay by the data for 1925 (Fish Hawk cruise 14), the 40-meter level watmore
nearly uniform in salinity there that June (32.6 to 33.4 per mille) than it had been
the Ihonth before.

At greater depths in the gulf (as illustrated by the 100-meter level), which are
but slightly affected by the spring freshets from the rivers or by the Nova Scotian cur
rent, the mean salinity increased by about 0.2 per mille in the eastern side of the
basin from May (fig. 127) to June (fig. 134) in 1915, but continued almost constant
in the western side. Mavor (1923) has also recorded an increase in the salinity of
the deep water of the Bay of Fundy during this same period, from 32.5 per mille
at 100 meters on ,May 4, 1917, to 32.7 per mille on June 15. .A change of the

FIG. 134.-Sallnity at a depth of 100 meters, last half of June, 1915

same sort was registered in the bottom of the open basin, as illu.strated by the
following tables: .' ,

Salinities (per mille) at 175 meters

Date Nor~east· Easternslde Bop,theast- Eastern W"'!~ln Center
ern cOrDer ern part Channel """

33. 78
34.02

'33.40
33.60

34. 04 34. 20 34. 53
34. 30 34. 56 34. 6033. 46 • _

33. 64 34. 00 34. 80

33.82
33.84
33.37
33.55

33.08
34.18
33.45
3UO
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SaZinityon the bottom of the trough, June, 1915.

o

Locality Depth Salinity Locality Depth BalU1lty

---
Meter, p,r mill, Meter, Per mill,

fundy Deep, station 10282 •••••••_•• __.c. ISO 33.06 Ell$terD Channel, statlon 10297.__••••••••• 275 34.92
Northeastern corner, station 10283__••_••• ISO 33.66 Southeastern comer, statlon 10298 •__.,_•• 22lS 34.6
Eastern basin, statlon 10288 .'_••"•••_••• __ 220 33.95 Western basin, station 10299 •••••••••••••• 210 33.82

The fact that the whole trough of the guJ.f was .nearly as saline in the last half
o! June, 1915, as we found it in April, 1920 (p. 737), suggests a recovery of the indraft
ofslope water during the last half of May and first days of summer; but if such
&recovery actually took place in 1915 it seems soonto have slackened again, judging
from the rather abrupt transition from higher salinities in the Eastern Channe
~o lower ones just within the basin of the gulf recorded during the third week of
that June (see the preceding tables).
. The expansions and contractions of 34 per mille water over the floor of .the gulf,
and the depth at which its upper limit lies below the surface of the water at any
given time, more clearly reflect the recent activity of the indraft through the East
ern Channel than does the distribution of s~inity .at any given level in the water.

In April, 1920, water as salt as this flooded the bottom of both arms of the
basin, rising up to within about 140 to 175 meters of the surface along the eastern
~ope of the gulf (fig. 118). In June, 1915, however, 34 per mille water was confined
to the southeastern corner of the basin (station 10298) close to the entrance of the
Eastern Channel.

SALINITY IN JULY AND AUGUST
SURFACE

If the readings taken in the western side of the gulf in July of 1912, 1913, and
1916 represent the normal succession to the June state of 1915 and 1925 (just
described), the surface of this part of the area suffers a second freshening from 32 to
32.5 per mille in June to 31.4 to 31.9 per mille in July, but with little or no change from
the one month to the next along the coast of Maine (31.5 to 31.8per mille in July as
well as in June). If this represents the regular seasonal progression it probably reflects
the anticlockwise surface drift, carrying the discharges of the eastern rivers around the
gulf to the Massachusetts Bay region a month or more after their freshening effect has
been entirely obscured off the coast of Maine by tidal stirrings. This explanation is
supported by the fact that the July values for the surface of the bay were lowest in
1916 (30.5 to 31.2 per mille), when a very tardy spring, with unusually heavy snow
fall, would make a seasonal sucession of this sort the most likely. The surface water
of the western part of the basin of the gulf, in the offing of Cape Ann, has proved
less saline in every August of record (1913,1914, and 1915) than it is in May (p. 741)
or June (p. 756), in the following seasonal sequence and for the same reason:

Surface salinity, western basin

Date Statlon Salinity Date Station Salinity

~~~ ~:WI6~~~~~==~=:::=::::==:::::=:::=July 15, 1912 _•• ••__ •__••••• __•• ••_

Perm;U,
10267 33.03 Aug. 9, 1913 ._••_•••__ •••_•••__•__• _
10299 32.50 IAug. 22, 1914 • • ------------.--.
10007 31.62 Aug. 31, 1915 ••_._._•••••_. •••••_.

P,r mille
10088 32.21
10254 3L 55
10307 32. 47
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The exact date when this side of the basin is least saline varies from year to
year, likewise the minimum value to which the salinity of the surface falls there, our.
experience up to date suggesting 31.5 to 32.2 per mille as usual at its lowest. In the
same way the freshening recorded by Mavor (1923) in the Bay of Fundy early in
the summer of 1917 may reflect the transference of the water of low salinity from the:
Nova Scotian current northward along the eastern side of the gulf, following the
route of many of our drift bottles (p.895).

Apart from this question, the most interesting aspect of the late summer data
for the inner parts of the gulf is the comparative uniformity prevailing at the surfacei

all along the coastal belt from Massachusetts Bay to Grand Manan in 1912 and 1915
(31 to 31.9 per mille). It is probable that the isohaline for 32 per mille usually
crosses outside the mouth of the Bay of Fundy in July, because Vachon (1918) and
Mavor (1923) record surface salinities ranging from 30.36 to 31.48 per mille at
various localities in Passamaquoddy Bay and off Grand Manan for that month in
1916; 30.61 per mille at Prince station 3, east of Grand Manan, on July 4, 1917;
rising to 31.22 per mille there on July 31.96

A considerable body of data has been gathered in the open gulf for the last half
of July and for the month of August in the years 1912, 1913, 1914, 1915, and 1922,
which, with the determinations for the Bay of Fundy for the summers of 1914,1917,
and 1919 (Oraigie, 1916b; Vachon, 1918; and Mavor, 1923) afford a picture of
the normal midsummer state of the surface of the gulf, with some indication of the
annual fluctuations to which it is subject.

For salinity, as for temperature, the period, July to August, is the most nearly
static part of the year in the open gulf, a statement supported by the following
surface readings at pairs of stations at proximate localities but taken several weeks
apart.

Locality Date Station Salinity

Neab~:~~~~ ::::~:::::::::::::::::::::::=::::::::::::::::::::::: __::::::::::::::::::::::: ~~. ~i; m~ ~~g
Oft northern extremity of Cape Cod__. ._ .__.. . . July 8,1913 10067Do ... .__. . .. ._____________________________ Aug. 9,1913 10087Southwest part of basin _.__. . .. . . . . ._____ July 19,1914 10214

Neah~~~~~~~~I~:::~=:::::::::::::::::::::::::::::=::::::::==:::=::::::::::::==::::=:::::=:: !u~: ft m: ~~Oft Orand Manan (Prince station 3) .. ... .. .. oJ~y 4,1917 ._Do ... . . . . .. . oJuly 31,1917 _. •__Near Mount Desert Island . . ._. . ._. . July 19,1916 10302Do _. . ._. --.- . . - . . ._____ Aug. 18, 1915 10305

Oft b~~~~~~:_:::::::::::::::::::::::::::::::::::::::~::::::::::::::::::::::::::::::::::~~: 2~ ~m ~~~

::~:~;~~;~~~::::::::::::::::::===:=::=:::::::::::::::::::::::::::::::::::::::::::=:::t~~:m~ ~~jbDo __.._. .. . .._. . . ._.___ Sept. 1. 1915 10309Western side of basin __.. .. .. .. . . . ... June 26,1915 10299Do .... __. . ._. . . . . . . ..__ Aug. 31,1915 10307Near Nantucket Shoals lightship . .__ .. .._.__ . ... July 9,1913 10060Do ._.__ ._. . . . . . . . . . .__.•Aug. 8,1913 . _

Plltmlllt
31.67
31.67
31.90
32.09
31.80
31.80
31.47
31.67
30.61
31.22
31.83
31.94
32.43
32.32
31.92
32.07
32.41
32.47
32.50
32.47
32.63
32.77

°Mavor, 1923. •Captain McFarland.
II Surface densities, determined from hydrometer readings In the Bay of Fundy region, also Indicate salinities ranging from

30.7 per mille to 32.7 per mille (Copeland, 1912; Craigie and Chase, 1918).
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The maximum alteration that took place in the surfaoe salinity at anyone of
these loealities during the interval of from three to nine weeks was thus only 0.6
per mille; in most cases it was less than 0.2 per mille; several times it was too sxnall
to be measured, a statement covering both sides of the basin of the gulf as well as
the coastal belt, and applying to one locality or another in three different
years. Among the islands or off headlands where the tide runs strong the surfaoe
would not show this uniformity, because the salinity in such situations varies widely
with the stage of the tide. Even if the observations were taken at the same stage
of tide, variation would be expected with the varying interaction between current
and wind. Upwellings, for instance, suoh as follow offshore winds (p. 588), will bring
upwater appreciably salter, as well as colder, from below, along the western shores
of the Gulf of Maine, even if the updraft comes from a depth of only a few meters.

It is probable that the high salinity of the surface stratum recorded near
Gloucester on July 9, 1912 (station 10001, 32 per mille) is to be explained on this
basis. The salinity of the whole upper 40 meters, or so, of water may, in fact, be
expected to vary considerably along the northern shore of the bay within brief periods,
depending on the direction of the wind as this drives the surface water onshore or
offshore. Unfortunately, however, our observations do not throw much light on the
fluctuations in salinity of this sort, except on one occasion at a looality 3 to 5 miles
off Gloucester, where the surface salinity, as calculated from hydrometer readings,96
increased by about 0.7 per mille between July 9 and 11 in 1912, with a correspond
ing decrease of 4.50 in surface temperature, the latter usually a sure evidence of
upwelling thereabouts. In the eastern parts of the gulf, however, where the water
is more nearly homogeneous vertically, winds and tides affect the surface salinity
chiefly by the on and off shore interchange of salter and less saline waters. Cope
land (1912), for example, found the salinity of Passamaquoddy Bay varying with
the tide (as well as locally in the bay) according to 'the relative outflow from the St.
Croix River. Swirling tidal currents are also partly responsible for the regional
variations recorded by Vachon (1918) and by Mavor (1923) in the surface salinity
of Passamaquoddy Bay and of the Bay of Fundy, where, however, they also record
a general increase in surface salinity during July and August, as follows:

Locality Date Salinity Locality Date Salinity

Friar Roads . luly 25,1916
Do AUI/. 2,1916
Do Aug. 19,1916
Do . Aug. S1,1916

Bay of Fundy, off Orand Manan,Prince stationS - luly 24,1916
Do 1 Aug. 25,1916
Do 1 luly 4,1917
Do - 1 luly S1,1917

Per mille
S1. 48
SI.27
SI.7S
SI.84

SO.4S
S1. 77
SO. 61
SI.22

Bay of Fundy, off Orand Manan,
Prince station S__________ Sept. 4,1917

Passamaquoddy Bay, Prince sta·tion 4. luly 20,1916
Do July 27,1916
Do Aug. S,1916
Do .____ Aug. 10.1916

B~ ::::::::::::::::::::::::::~::: ~~~: ~r: mg

Per mlUe
SI.92

SO.S6
28. 97
30.27
So. 19
30.118
so. 77

In every August of record-1912 (Bigelow, 1914, pI. 2), 1913 (fig. 135), 1914
(fig. 136), or 1915 (fig. 137)-the surface salinity has been highest over the north-

"Both taken with the same Instrument

8951-28--49
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eastern part of the basin of the gulf, with the maximum near Lurcher Shoal in 1912
and 1915, over the northeastern deep as a whole and over German Bank in 1913, off
Machias, Me., and on German Bank in 1914. Furthermore, the maximum reading
for the month has varied little from year toyear-32.84 per mille in 1912 (station

•

+

8a'

+

70'7\'

41'

40 •

u •

88" 8" ar e8'

10031),32.75 to 32.79 per mille in 1913 (stations 10094 to 10097), and 33.06 per mille
in 1914.

A certain consistency also appears from year to year in the outlines of the area
occupied by water salter than 32.5 or 32.7 per mille. In 1913 and 1914 this took



PHYSICAL OCEANOGRAPHY OF THE GULlI' OF MAINE 767
the form of a U or V, its concavity directed toward the southwest, its one arm
roughly paralleling and somewhat overlapping the 100-meter contour off the· Nova
Scotia coast, its other arm similarly paralleling the coast of Maine westward as far
as the offing of Penobscot Bay (figs, 135 and 136). In my account of the salini-

41'

40

71' 70' 88" . 87'

,
I

.. I 42',,
I
I,

FIG. 136.-SallDlty at the surface, July to August, 1914. For 32.61 ~ tbe northern ehannelrf.ad 32.01

ties of 1913 I assumed that this s&ltest tongue was Qontinuous with the still higher
salinities outside the continental shelf via the sq~theasterJ)Part.of the gulf (Bige
10'W' 1915, pI. 2). However, continued investigation of the gulf ha,s made it more;
likely that this was actually an isolated pool surrounded by less saline water on the
south, as was certainly the case in July and August, 1914 (fig. 136). This was.
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again the case during August and the first few days ofSeptember in 1915 (fig. 137),
when the surface WAS less saline than 32.5 per mille at all the eastern statiolls on the
line Cashes Bank-Cape Sable,. but more saline (32.6 to 32.8 per mille) farther north
in the eastern arm of the basin..

Unfortunately, the stations for· 1915 were not situated close enough together to
locate the course of the isohaline for 32.5 per mille in a satisfactory m.anner; in the
preliminary accbunt of the operations for that season a reading of 32.52 per mille near
Cashes Ledge (station 10308), with slightly lower salinities to the west of it as well
as to the east (32.47 permille at stations 20;307 and 20309), was taken as evidence
of a body of still salter water in the southern half of the gulf (Bigelow, 1917,

11" 70'

+

8S' 88" 87'

................"- .', ,..
"-, /'

" i........,.J

FIG, 137.-Sallnlty at the surface, AUgust to September,1915

p. 222, fig. 67). Further study of the salinities for the several years combined makes it
more probable that the station in question marked the southwestern extremity of a
band of 32.5 per mille that continued thence to the vicinity of Lurcher Shoal, as is
indicated on the chart (fig. 137).

A pool more saline than the surrounding water and usually very close to 32.75
to 33 per mille in actual salinity, may thus be expected to develop annually on the
surface over the northef!.stern cbrner of .the basin in August, its boundaries conform
ing moreor less closely to the contour of the coastal slopes of Maine and of Novfl.
Scbtia but not involving the Bay of Fundy at. all. . Being 'entirely surrounded (in
most summers, at least) by less saline water on 'the offshore as well as on the 'inshore
side, it must bbviously have its source in· the still higher salinities below the surface

,
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as water is brought up by vertical currents of some sort, not in any direct indrafi
from offshore.

This salt pool had no counterpart in June (fig. 128) or in May (fig. 120) of 1915,
but much smaller phenomena of the same sort were recorded off Lurcher Shoal in
April, 1920 (station 20101, 32.9 per mille), in the southeastern part of the gulf and
in the eastern part in that March (fig. 91). Thus, following the freshening charac
teristic of May (p. 745), the eastern side of the surface of the gulf is once more as
salt by the end of August as at any time during the early spring.

Much lower values prevail along the west Nova Scotian shore all summer,
Vachon (1918) having recorded 31.34 to 32.09 per mille on a line from Brier Island
to Yarmouth on September 7,1916, with readings of 31.17 per mille at high tide,
31.12 per mille at low tide, in Yarmouth Harbor on the 8th. It is on the strength
of his data that the isohaline for 32 per mille is represented on the August chart
(fig. 136).

To the eastward of Cape Sable the water next the coast is still less saline (31.7
to 31.6 per mille) in summer, with rather an abrupt west-east transition from higher
to lower values off the cape. Essentially this is the same regional distribution as in
June, except that the successive isohalines shift to the eastward during the early
summer as the Nova Scotian current loses head. The constancy of this Nova
Scotian water from month to month and from year to year also deserves mention,
the lowest values recorded in the offing of Shelburne (including Bjerkan's (1919)
data) ranging only from 30.9 to 32.1 per mille for the months of March, June, July,
and September of the years 1914, 1915, and 1920. Sometimes these lowest values
have been close in to the land off Shelburne, as was the case in July, 1915 (Bjerkan,
1919), and in September of that year (fig. 137); sometimes farther out, with higher
values next the coast, as in July, 1914, and in March, 1920 (p. 703); but no definite
seasonal succession is yet established in this respect.

The narrow band of water less saline than 32 per mille, which probably skirts
the western coast of Nova Scotia every summer, is separated from the equally low
salinities (31.2 to 32 per mille) of the northern side of the Bay of Fundy by consid
erably more saline surface water (32.3 to 32.4 per mille) along the southern (Nova
Scotian) shore of the latter; such, at least, was the case in the summers of 1916
(Vachon, 1918) and 1919 (Mavor, 1923).

In each midsummer of record (1912, 1913, 1914, 1915) we have found the least
saline surface water as a narrow but continuous band skirting the coast of Maine,
and so southward to the region of Massachusetts Bay, usually 31 to 32 per mille in
actual value. Inside the outer islands, and in the estuaries, still lower surface salin
ities are to be expected locally (e. g., 30.61 per mille in the western entrance to
Penobscot Bay, August 3,1912, station 10021a), grading, of course, to brackish water
in the mouths of rivers. The definite boundary of this coastal water of low salinity
(32 per mille) can not be laid down along the coasts of Maine and Nova Scotia on
the chart for August, 1914 (fig. 136), because most of our stations for that year were
located outside the 100-meter contour. In this respect the chart for 1913 (fig. 135)
is more instructive.
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In the northwestern part of the gulf variations in the distribution of salinity
from summer to summer show that the movements of the surface water are variable
in detail.

Thus, in July and August, 1912, the isohaline for 32.4 per mille (the critical one
in this particular summer) marked a definite expansion of coastal water off Penobscot
Bay (Bigelow, 1914, pI. 2). In August, 1913 (fig. 135), the undulations of the
isohaline for 32.5 per mille again suggested an anticlockwise swirl off the bay, drawing
salter water into its northern and eastern sides, fresher water into its western and
southern sides. In August,1914 (fig. 136), the surface salinity of this part of the
gulf was more uniform, with no evidence of any such outflow off the Penobscot; nor
is anything of the sort indicated. in the surface chart for 1915 (fig. 137).

In the Massachusetts Bay region, by contrast, the regional distribution of salin
ityat the surface has been more nearly constant from summer to summer. Thus,
in August, 1922 (apparently a representative year in this respect), when the surface
at 13 stations ranged from 30.95 to 31.29 per mille, the distribution was of the usual
coastwise type-i. e., slightly lowest (30.9 to 31 per mille) close to Gloucester (sta
tion 10633), off the mouth of Boston Harbor (station 10638), and close to land in
Cape Cod Bay (stations 10643 and 10644); uniformly slightly higher across the mouth
of the bay (31.2 per mille at stations 10631 and 10632). Three stations on a line
crossing the mouth of the bay on August 31, 1912, showed no greater variation than
this on the surface, though all of them gave slightly higher readings (31.67 to 32.03
per mille). It is probable that the surface of the bay would have been found less
saline than this in August, 1916, judging from a surface reading of 31.27 per mille off
the tip of Cape Cod on the 29th (station 10398) and from the fact that the mouth
of the bay had been only 30.5 to 31.2 per mille a month earlier (stations 10340 to
10342). In 1913 the August value was somewhat higher at the mouth of the bay-
i. e., about 32.1 per mille. .

Observations taken in the offing of Nantucket and on the northwestern part
of Georges Bank in July of 1913, 1914, and 1916 show all this area included within
the influence of the low salinity of the coastal belt, with surface values close to
32 per mille over Nantucket Shoals, rising to 32.1 to 32.5 per mille over the
neighboring parts of Georges Bank (fig. 136; Bigelow, 1922, fig. 36). Surface
readings make it probable that in July, 1914 (fig. 136), the band of low temperature
described above (p. 608) as crossing the bank from northeast to southwest was
reflected in an expansion of low salinity from the southwestern part of the bank
out across its seaward slope, as outlined by the isohaline for 33 per mille.

It is probable that the regions of low surface temperature over the shoaler
parts of Georges Bank, where the water is churned by strong tidal currents (p. 594),
are equally characterized by a surface salinity higher than that of the general
neighborhood. Our visits thither have afforded two instances that may be inter
preted in this way-namely, a slightly higher value at one station on the eastern
part (32.59 per mille at station 10223) on July 23.1914, than at neighboring stations
to the north, south, or east of it, and a value equally high on the western side on the
same date of 1916 (station 10348, 32.54 per mille), again with slightly less saline
surface water to the south, west, and apparently to the north. A similar pool of
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high surface salinity (presumably about 32.5 per mille) is also to be expected over
the shoal part of the bank and near its northern edge.

Very considerable fluctuations are to be expected in the salinity of the surface
along the edge of the continent abreast of the Gulf of Maine, as well as in its tern·
perature (p. 596), as the oceanic water of high salinity approaches the banks or
recedes from them.

In the southwestern part of the area, in the offing of Marthas Vineyard, the
data for July, 1916, August, 1914, and for autumn (p. 801) make it reasonably certain
that surface water as saline as 33 per mille normally drifts in over the outer part of
the shelf during July and the first three weeks of August, but seldom (perhaps never)
approaches much nearer the shore than is represented on the chart for 1914
(fig. 136).

Farther to the east the isohaline for 33 per mille may be expected to skirt the
southern edge of Georges Bank in July, lying a few miles farther in in some summers,
farther out in others, and crossing the oceanic triangle between Georges and Browns
Bank, but not, in our experience, encroaching at all over the latter. Still farther
eastward surface water as saline as 33 per mille overflows the edge of the continent
in July or August of some years, as in 1915, when Bjerkan (1919) had still higher
readings (34.27 per mille) at the 400-meter contour in the offing of Cape Sable on
July 22. In 1914, however, the surface water near by was only 31.22 per mille a
week later in the season (station 10233), though the difference in date would suggest
a difference in salinity of just the reverse order, evidence of considerable fluctuation
in this respect from summer to summer.

It is doubtful whether surface water as salt as 34 per mille ever encroaches on
the edge of the continent abreast of the Gulf of Maine; certainly we have no record
of such an event at any season, but the surface charts for the winter, spring, and
summer (figs. 93, 127, and 136) show that it is to be expected only a few miles out from
the 200-meter contour south of Marthas Vineyard and off the western end of Geor
ges Bank by the first half of July in early seasons, but perhaps not until August in
late seasons. In some summers, as in 1914, water of this high salinity lies farther
out from the edge of the continent to the eastward. In other summers, however,
it evidently spreads shoreward over the slope off Shelburne as early in the season
as it does farther west-witness the records obtained by the Canadian Fisheries
Expedition in 1915, mentioned. above (Bjerkan, 1919; Acadia station 41).

None of our lines have run far enough out, abreast the gulf, to reach surface
water of full oceanic salinity (35 per mille and upwards); nor is it known how far
out from the edge of the continent water of 34 per mille withdraws in winter and I

spring.
ANNUAL VARIATIONS IN SURFACE SALINITY IN SUMMER

Passing reference has been made in the preceding pages to the variations that
have been observed in the salinity of the surface from summer to summer. The
most interesting fluctuation of this sort that has come to our attention is that surface
values averaged much lower in the southwestern part of the region in July, 1916,
than in that same month in 1912, 1914, or 1915; the surface of Massachussetts Bay,
for instance, was about 1 per mille less saline on July 19 to 20, 1916, than at about
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the same dates in 1912 or in 1915. Probably the correct explanation is that 1916
was a tardy spring, when the effect of vernal freshening from the land continued
evident until later in the season than usual, and when the approach of water of
high salinity to the continental shelf was delayed until later in the season. As a
result of this retardation of the vernal cycle-associated, no doubt, with the severity
of the preceding winter and the lateness of the spring-the salinity of the surface
was very nearly uniform on July 24, 1916, right across the whole breadth of the
western end of Georges Bank, where a considerable north-south gradation is to be
expected at that season in more normal years (fig. 136).

Contrasting with 1916 and with 1914, the summers of 1912 and 1913 may be
characterized as "salt" in the western side of the gulf, with surface values averaging
about 0.1 to 1 per mille higher at corresponding localities and dates than in 1914
August as well as in July-but with very little difference from summer to summer
in the eastern side. The surface values for 1915 paralleled those for 1914 except .for
the closer approach of oceanic water to the continental shelf off Nova Scotia, men
tioned above (p. 771).

No wide annual fluctations in salinity have been recorded for any part of the
gulf at a given season, or are such to be expected.

VERTICAL DISTRIBUTION

The salinity of the deep strata of the gulf, like that of the surface, remains
more nearly constant during July and August than over any period of equal duration
earlier in the summer or in the spring. Two stations in the basin off Cape Cod,
four weeks apart in 1914 (stations 10214 and 10254, July 19 and August 22), exem
plify this for the western side of the gulf, the values, depth for depth, being nearly
alike in spite of the time interval separating them, with the one station slightly the
more saline at some levels, the other at other levels.

The graph (fig. 138) illustrates how little variation in salinity has been recorded
for the deeper levels in the western side of the basin at different dates in August of
different years, individual stations seldom differing by more than 0.2 to 0.4 per
mille in either direction from the mean values of 32.6 per milIe at 50 meters, 33 per
mille at 100 meters, 33.4 per mille at 150 meters, 33.9 per mille at 200 meters, and
about 34.1 per mille at 250 meters.

Except in localities where the tide runs strong enough to keep the whole column
of water thoroughly mixed from top to bottom, the salinity of the gulf is invariably
lower at the surface in summer than on the bottom, as already stated for the spring
months. I should emphasize, also, that the increase in salinity with depth is con
tinuous, or at most is interrupted by homogeneous strata; we have never found
fresher water underlying saIter in the gulf. Thus,the intermediate layer of low
temperature, characteristic of certain summers (p. 602), is not reproduced by the
salinity; but the vertical distribution varies widely from place to place in the gulf,
a convenient division in this respect being (1) into the coastal zone, (2) into the
basin, and (3) into the offshore rim.

In the western section of the coastal zone, out to the 100-meter contour, the
vertical increase of salinity, with increasing depth, averages much more rapid in
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the upper stratum than at greater depths, with most of our stations showing a
vertical range of 0.6 to 1 per mille between the surface and the 40 to 50 meter level
{Jig.l39). Eastward from Penobscot Bay we have found a more uniform gradient
of salinity from the surface downward, as illustrated by stations near Mount
Desert Island (fig. 107).

Throughout the sector between Cape Cod and Mount Desert the difference in'
salinity between the surface and the 40 to 50 meter level is everywhere considerable
in summer (though less than in spring, p. 728)-perhapsnowhere less than 0.3 per

Salinity

.6 .8 32 .2 .4 .6 .8 33 .2 .4 .6 .8 34 .2 .4

FIG. 138.-Vertlcal distribution of salinity in the western side of the basin. in the offing of Cape
Ann, in July and August of different years. ., August 9, 1913 (station 1(088); (;), August 22,
1914 (station 10254); &, August 23,1914 (station 10256); X, August 31, 1915 .(station 10307). The
broken curve marks the approximate limits toannualvariation .

mille in July or August, with a maximum vertical range of about 1 per mille in the
Massachusetts Bay region within these depth limits.

Passing eastward from Mount Desert toward, the Bay of' Fundy, the vertical
range of salinity is progressively narrower and narrower, corresponding to the more
and more active tidal stirring. In the Grand Manan Channel so close an approach
to verticle homogeneity is maintained throughout the summer that the maximum
vertical range so far recorded for August has been only about 0.08 per mille, 8S

follows:
8951-28--50
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Vachon's (1918) and Mavor's (1923) determinations show that the vertical dis
tribution of salinity within the Bay of Fundy varies regionally in summer, probably
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FIG. 139.-Vertlcal distribution of salinity In the deep bowl oft Gloucester In luly and August of

dlfterent years. 0. luly 10,1912 (station 10002); A. August 9. 1913 (station 10089); X. August
22, 1914 (station 10253); •• August 31, 1916 (startlon 10306). The broken curves mark the
approximate limits of annual variation

depending on local and temporal variations in the strength of the tidal streams.
Where the water is least stirred vertically, and where the surface is least saline
because most subject to the freshening effect of the outflow from the St. John River,
the salinity of the upper 40 to 50 meters very closely parallels that of the mouth of
Massachusetts Bay (fig. 139) and ~f the western side of the gulf generally, grading
from t1;J.is to the vertical uniformity characteristic of the Grand Manan Channel.

Strong tidal currents are similarly responsible for a close approach to vertical
homogeneity over German Bank in August as in spring (p. 748) and early summer
(p. 756), the greatest difference between the surface and the bottom at any of our
summer stations there being only about 0.3 per mille, as follows:
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Salinity on German Bank, A ugWlt.to September

775

Station Date Depth Salinity Vertloal
l1IJIIII

Meier,

10029. .----------- ------------ ------.-------.-----------.--. Aug. 14'1912l ~

~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~::: :::~:~: 1
10811•• •• • •• • • • ._____ Sept. 2,1916 { ~

In the deeper parts of the gulf the vertical distribution of salinity at depths
greater than 50 to 70 meters depends less on the tide (very active tidal stirring is
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FIG. 140.-8allnlty profile crossing the mouth of Massaohusetts Bay, Gloucester to Cape· Cod; Just
west 01 SteJlwagen Bank, AnllUst 22, 1922. The broken curve Is the contour of the bank

for the most 'Part confined to the shoaler parts of the gulf) than on the configuration
of the bottom, as affecting the free circulation of the water of high salinity that
drifts into the basin via the trough of the Eastern Channel. One extreme is illus
trated by the deep bowl or sink off Gloucester, where a depth of 181 meters is
inclosed by a rim rising to within about 75 meters of the surface at its deepest
point. Here, on each of our summer visits (figs_ 104 and 139), we have found a very
rapid increase in salinity with depth down to the 40 to 50-meter level, succeeded by
a much more gradual increase from that depth down to the bottom. More con
cretely, the maximum vertical range between 40 meters and bottom has been only
about 0.2 per mille here at any summer station, contrasting with a range of 0;6 to 1
per mille of salinity between the surface and the 40-meter level. Evidently the
submarine rim of this bowl is so effective a barrier that the water inclosed by it is
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but little influenced by the slope water in the bottom of the basin near by, but con
tinues through the summer at about the same salinity that characterizes the over
lying'stratum in early spring.

Stellwagen Ledge, at the mouth of Massachusetts Bay, also isolates the deeper
water b~hind it to some extent, as shown by the correspondence between the contour
of the bank and the isohaline for 32 per mille on the profile for August, 1922, and by
the homogeneity of the deeper water contrasted with the wide vertical range in the
shoalerstrata(fig. 140):

Although the deep sink to the west of Jeffreys Ledge is open to the north,
where its rim has a depth of about 134 meters, the narrowness of the opening on this
side combines with thenorth-s()uth direction of the. axis of.· the ledge and with. the
shoalness (48 to 64 meters) andcom:parative steepness of the latter to hinder the
drift of bottom water westward from the open basin of the gulf. Two stations in
the trough for August 15,1913, are especially interesting in this connection because
the southern (inner) one of the pair was nearly homogeneous in salinity at depths
greater than 50 to 60 meters, though the outer one showed a rapid increase in
salinity from the surface downward to a depth of about 90 meters. Evidently com·
paratively little interchange was then taking place along the trough in the deep
strata.

Sometimes, however, bottom water of high salinity does drift inward, around
the northern end of Jeffreys Ledge, into this trough in much greater volume; as in
August, 1914, for instance, when a difference of Q.4 per mille insalinity was recorded
between the 40 to 50 meter level and the bottom (station 10252).

The relationship between the deep strata <>fthe B&y()f Fundy and the basin
outside, from which it is separated by a low submarine ridge, is of this same order
in summer, with the vertical rise in salinity much more rapid above than below the
50 to 70-meter level in the bay (Mavor; 1923), whereas the increase in salinity with
depth in the basin off its mouth is most rapid near the bottom (fig. 114) .97 A
difference in vertical distribution of this sort shows as clearly as does the much
higher salinity (34 per mille) of the bottom of the basin that only a small amount
of water from the deeps of the latter was then entering the bay.

The distribution of salinity has been more uniform, regionally, at most of our
summer stations in the inner parts of the basin of the gulf down to a depth of about
200 meters. In the western branch, where the superficial stratum is influenced by
the' dispersal: of land water, slight .geographic differences in the locations of the sta
tions and secular changes in the surface currents produce corresponding differences
in the curveS for salinity, depending on the precise state of the surface water. At
greater depths the vertical salting may either continue at an undiminished rate right
down to the bottom, as was the case on August 31, 1915 (station 10307, fig. 138), or
the deepest stratum (more saline than 34 per·mille) may form a homogeneous blan
ketonthe bottom, 50 to 60 meters thick, .aswe found it on August 22, 1914 (sta
tion 10254, fig. 112).

A much thicker and considerably more saline (35 per mille) layer had blanketed
the bottom of the southeastern part of the basin a month earlier that summer (sta..
tion 10225, fig. 131), but with the salinity. mcreasingrapidly. with depth in the

"Stations 1009'1 (AugUst,19i3). 10246 (August, i914), and 10304 (Au~t6 and 7, 1915)•.



PHYSICAL OCEANOGRAPHY OF THE GUffil"QFMAINE 777

Ihoalel'! strata of water, reproducing the v:e1'!ticaldis.tributioniound,there !(though
somewhat mor.e saline in actual:values~>iriMarchand Aprilof;1920 (stations :20064
and 20112), hence this type is probably characteristic of that part of.the.gu).f.

The state of the deep water in the two channels---t'eastern and nor.thern-that
interrupt the offshoreriInof the gulf is worth stating, these being thepossiblesourees
for deep undercurrents flowing inward. In July, 1914 (our only late summer stations
for this locality), the vertical distribution of salinity was almost precisely the same
in the Eastern Ohannel as in the southeastern part of the gulf, into which the latter
debouches, as were the actual values at different depths, with so little difference
between the values in the channel for the months of March, April, June, and July
in different years (fig. 141) as to prove the salinity of its deeper strata virtually
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FIG. 141.-Vertlcal distribution of salinity In the Eastern Channl\l. A. Apr1116. 1920 (station 20107);
B. June 25, 1915 (station 10297); C, July 24, 1914 (station 10227)

unchanging there through spring and summer. The Northern Channel, on the other
si~e of Browns Bank, at the same date (station 10229, July 25, 1914), was about 1.5
per mille less saline than the Eastern Channel on bottom (100 meters), though only
about 0.5 per mille less so at the surface.98 Consequently, any drift' over the bottom
Via this route would have brought water much less saline to the gulf,as is also the case
in spring (fig. 99).

Our late summer stations yielded almost precisely the same salinity on Brown~

~ank (station 10228) as in the Eastern Channel to the west of it and in the neigh
boringpart of the basin of the gulf,correspondingly salter than the Northern Cha90el,
to the north (d. fig. 141 with fig. 142), evidence of an overflow from the East~m

.. 32.47 per mille at the surface at station 10227; 32.01 per mille at station 10229.
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Channel as the normal seasonal sequence to the late June state of 1915, a type of
circulation also suggested by a corresponding rise in bottom temperature on Browns
Bank,(p.619).

Much lower salinities, however, on the neighboring parts of Georges Bank at
this same date 09 are equally clear evidence that no drift had taken place westward
from the channel; nor have we ever found any indication of an overflow in that
direction.

It is probable that offshore water encroaches over the outer edge of Georges
Bank to some extent during most summers, at deeper levels as well as at the surface
(p. 771) ,an event made evident in 1914 by the very high salinity of the bottom water
(34.9 per mille) on its southwest part on July 20 (fig.142, station 10216). The
effect of this highly saline water, however, was so closely confined to the southern
side of the bank at the time, that a station on its northern part, only 42 miles away
(station 10215) showed no evidence of it, the salinity not only being much lower
(32.09 to 32.9 per mille) but the whole column much more nearly homogeneous
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surface to bottom. Nor did any overflow from offshore take place farther east on
Georges Bank in 1914 up to the last week of July (if it ever does), although water
of 34 to 35 per mille then washed the bottom below the 100-meter contour all along
the outer edge of the bank (stations 10217, 10219, 10221, and 10222).

In summers when the seasonal cycle is more backward (1914 seems to have
been rather a forward year in this respect) oceanic water may not encroach on the
bottom on any part of Georges Bank before August and perhaps not then. In 1916,
for example, two staMons on the western and southwestern parts of the bank (10347
and 10348) gave no evidence of any such event on July 23, the salinity being nearly
uniform vertically at both, its value (32.4 to 32.6 per mille) no higher than the mean
for the whole column on the'northern parts of the bank at about that same date
in 1914.

Wide regional variations in salinity are to be expected over the broken bottom
of Nantucket Shoals, depending on the strength and on the mixing effects of the tidal

II Station 10223 and 10224,32.6 to 33.03 per mille In 56 to 711 meters; fig. 142.
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currents. Unfortunately, no stations have been occupied there at the more tide
..wept localities, where salinity,like temperature (p. 605), is probably kept nearly
homogeneous vertically throughout the summer. A difference of 0.41 per mille of
salinity between the surface (31.73 per mille) and the bottom (32.14 per mille, depth
30 meters) was recorded on the southwestern edge of the shoals on July 25, 1916
(station ·10355), with about this same vertical range at a station close to Nantucket
Lightship on July 9, 1913 (station 10060; salinity 32.63 per mille at the surface,
32.04 per mille at 46 meters). A vertical distribution of this same sort has prevailed
in shallow water off Marthas Vineyard in July and August (stations 10356 and 10357,
July 26,1916; 10258 and 10263, August 25 and 27, 1914), the water as usual saltest
on bottom.

Farther out on this sector of the shelf, where the vertical distribution varies at
any given locality and date according to what overflow of oceanic water has recently
taken place and at what level, the mid depths may be less saline than either the
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surface or bottom, as was the case at station 10259 on August 25, 1914. However,
there is every reason to suppose that such a state is exceptional and probably transi
tory, and that the vertical distribution is usually of the same type there (freshest
at the surface, saltest on the bottom; fig. 143) as it is nearer the land and within
the Gulf of Maine.

Our summer stations outside the edge of the continent, whether abreast of the Gulf
of Maine or a few miles to either side of the meridians bounding the latter, have all
shown a very rapid increase in salinity with increasing depth in the superficial stra
tum (fig. 144), though with wide differences in the actual values from station to
station. In part these differences depend on whether the oceanic water lies far out
from or close in to the banks at the time, but also on the precise location of the sta
tions in question, because the transition from banks to ocean. is so abrupt along this
zone that a difference of half a dozen miles in geographic position may be accompa
nied by a very wide difference in the salinity of the surface water as well as in its
temperature (p. 605).
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As stated, 1916 was so tardy a summer that the. very close agreement between
the curves off Georges Ba.nk for that July (station 10352) a.nd off Cape Sable in July,
1914 (station 10233, fig. 144), is deceptive; equal salinities are usually attained about
a month later in the season off the eastern portal to the gulf than off the. western.

When the highly saline water of the ocean basin moves closest in toward the
edge of the continent, whether to the east or to the west of the Eastern Channel
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(p.771), a very characteristic v~rticaldistribution results, with the values highest at
a depth of 40 to 100 meters. Station 10218,.off .the southwest slope of Georges Bank
(our most oceanic station in temperature as well as in salinity) ,showed' such a dis
tribution on July 21, 1914 (fig. 144), with a maximum salinity approximating full
oceariicvalue (36.04 per mille) at 40 meters, though with the surface water much
less saline (34.42 per mille). Stations a few miles farther east along the slope, the
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next day (10220), and at the same relative position off Marthas Vineyard on the 26th
of that August (10261) ,yielded salinity sections similar in type (fig. 144), though
With actual values considerably lower'in the upper 150 meters. The bottom water
at all these stations has been close to 35 per mille at depths greater than 300 meters.

None of our stations have been located far enough out from the edge of the con
tinent to show the true tropical-oceanic distribution of salinity-namely, saltest at
or very close to the surface and decreasing with increasing depth down to 600 to 1,000
meters. Curves of this sort result, for example, from the observations taken by the
United States Coast Survey steamer Bache on her profile from Bermuda to the
Bahamas in January, 1914 (Bigelow, 1917a, figs. 8 and 9), and by the Dana near
Bermuda in May, 1922 (Nielsen, 1925, fig. 5); but when the so-called" inner edge
of the Gulf stream" approaches the edge of Georges Bank, as in July, 1914, doubtless
one need run off only a few miles into the oceanic basin to find the salinity so distrib
uted there.

GENERAL DISTRIBUTION OF SALINITY BELOW THE SURFACE

The spacial relationships of the differences in salinity just outlined and the
general state of the gulf in summer are made more graphic by the usual projections
horizontal and profile.

The salting of the eastern side of the gulf, which takes place from June to
August (p. 765), contrasted with the freshening of the western side of the basin as
land water is dispersed seaward (p. 763), produces a decided alteration in the
distributjon of salinity from late spring through the summer at moderate depths as
well as at the surface (p. 763). In 1915 these changes resulted in an increase in the
salinity of the 40-meter level from about 32.5 per mille to about 32.8- to 33.5 per
mille in the northeastern part of the basin during the interval between the last week
of June (fig. 133) and the end of August, contrasting with a decrease in its
western side from about 32.9 per mille to about 32.6 per mille, though very little
seasonal alteration took place meantime in the coastal zone near Mount Desert, on
the one hand (about 32.3 per mille), or near Cape Sable on the other (about 31.9
per mille).

The most interesting feature of the 40-meter chart for July and August, 1914
(fig. 145), which may be taken as typical of the season (there being no reason to
suppose that this was either an abnormally fresh or an abnormally salt year), is
the regular gradation from low values in the western side of the gulf to a tongue
of high salinity (33 +per mille) in the eastern side of the basin, again giving place
to a narrow zone of much fresher water along western Nova Scotia, with still lower
values (31.8 per mille) near Cape Sable and eastward along the oU,ter coast of Nova
Scotia (Bigelow, 1917, fig. 33).

A much wider extent of 33 per mille water in that August than is shown
on the May and June charts for 1915 (figs. 125 and 133) no doubt reflects some
seasonal drift inward from the Eastern Channel after the slackening of the Nova
Scotian current, with th~ isohaline for 32.9 -per mille revealing a tendency for the
saltest band to circle westward along the coastal slop~ of Maine, bringing salinities
as high as 32.9 to 33 per mille as far as the offing of P~nobscot Bay. A tongue of
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this same sort and of about the same salinity (33 to 33.2 per mille) also character
ized the 40-meter level in August, 1913 (fig. 146) i and while the most saline water
(33 per mille) did not form so definite a tongue in 1912 (Bigelow, 1914), a regional

70' 88' 88'

.+ 40'

86'

Flo. 14li.-Sallnlty at a depth of 40 meters,luly 19 to August 24, 1914

distribution of the type just described has reappeared frequently enough on the
charts for various levels, months, and years to establish it as normal for the gulf.

Densities determined by Craigie (19160.) for August 27 to 29, 1914, when
reduced to terms of salinity also show this saline water (33 per mille) curving into
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the southern side of the Bay of Fundy along its Nova Scotian side, with a regular
decrease in salinity from south to north across the bay to about 32.5 per mille near
Campobello Island. Recurrence of a regional distribution of this same sort in the
bay in August, 1916 (Vachon, 1918) and 1919 (Mavor, 1923), proves it character
istic of the 40-meter level there at the end of the summer, though the actual values
were somewhat lower in those two years than in 1914.

Corresponding to the contraction of the area of the gulf with increasing depth,
this salt tongue gives place to a gradation from low salinity to high across the basin
from west to east at deeper levels, as illustrated by the 100-meter chart for July and
August, 1914 (fig. 147), on which the successive isohalines (33 and 33.5 per mille)
outline the same eddying movement of the saltest water westward, past the offing
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FIG. 146.-8aIlnlty at a depth of 40 meters, August 5 to 20, 1913

of Penobscot Bay, as at 40 meters (p. 781). Some west-east gradation of this sort
has been recorded on each of our August cruises at the 100-meter level; but the
actual difference in salinity between the highesT: values in the eastern side of the gulf
and the lowest in the western side was much wider in 1914 than in 1913 when the
regional range was only from about 33.1 to about 33.5 per mille at 100 meters, with
the whole west-eentral part of the basin close to uniform, regionally, at 33.1 to 33.3
per mille (fig. 148).

The gradual absorption of the indraft from the Eastern Channel into the gen
eral complex of the gulf is more clearly illustrated on thelOO-meter chart for 1914
(fig. 147) than at shoaler lines by the successive decrease in salinity, passing inward



784 BULLETIN OF THE BUREAU OF FISHERIES

from ,the channel (34.4 per mille) ,to about 33.6 per mille in the northeastern cornet
of the gulf. "

At still deeper levels the distribution -of ,salinity becomes increasingly governed
by the contour of ,the bottom ,as this more and more confines' the)nfiowing slope

tor +
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FIG. 147.-Sallnlty at a depth of 100 meters, July 19 to August 26, 1914. Bay of Fundy from Craigie

water. Thus the lattet(34 per mille) wasuotonly directed moreintothe eastern
armof the V-shaped trough at 175 meters than mtothe western in 1914 (fig. 149),
but hugged the eastern slope of the'former, making it the site of an anticlockwise
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circulation. This seems also to have been the case in 1912,1 with absolute values
varying from 34.3 per mille in the extreme northeast, off Machias, Me; {I0036) ; to
33.5 per mille in the depression between Platts Bank and Cashes Ledge (station
10024). In 1915 the summer was likewise of this same type in the deeps of the gulf,
with 34 to 34.1 per mille in the eastern side and 33.5 per mille in the western at the
175-meter level; but in other summers the salinity of the deep strata is more nearly
uniform over the basin, as in 1913, when the values at 175 meters were 33.8 to 33.9
per mille in the western and eastern sides alike,2

At depths greater than. 200 meters the indraft through the Eastern Channel
does not have as free access to the two branches of the basin as at higher levels
Consequently, their bottom waters have proved considerably less saline {34.5 per
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FIG. 148.-Ballnlty at a depth of 100 meters, August 5 to 20, 1913

mille) than their union to the southeast, or than the Eastern Channel (35 per mille).
The bottoms of the deep bowl-like depressions in the offing of Cape Ann, in the one
side of the gulf, and off the mouth of the Bay of Fundy in the other, thus bear
much the same relationship to the still deeper bowl into which the Eastern Channel
opens as the sink off Gloucester and the other isolated sinks in the inner parts of
the gulf bear to its basin in general.

At the 200-meterlevel (fig. 150) all the July and August determinations for the
western bowl (stations 10007, 10088,10254, and 10307) have ranged between 33.7
per mille and 34.11 per mille, showing that very little annual variation is to be
expected there or regionally within its narrow confines.. In the eastern bowl the

- ....., .. ",", " 'i·,'"

1 Only 5 stations were located in water!i8 deep as 115 meters iiI 1912, and.at only3 of thesecan·~176-m.~rfV~u. ~Hl!Wl:
wlthin ±O.1 per mIll6.· ". .' . '. ''''. .

J No observations were taken in the southeastern part of the area in August of 1912,11113,orI915.
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salinity has averaged higher, most of the determinations falling between 34 per mille
and about 34.5 per mille, with the highest readings localized along the eastern and
northern slope and the lowest (33.4 to 33.6 per mille) in its southwestern side
(stations 10249, Aug. 13, 1914, and 10309, Sept. 1, 1915).

71' 1d' 8&' 88" 88'

FIG. 149.-8allnlty at a depth of 175 meters for August, 1913 (enoircled ligures), and for July 19 to August 26,1914 (plain
figures). Data for the Bay of Fuudy from Craigie (19168)

The midsummer charts, compared with the state of the gulf in June (p. 762),
suggest an interesting seasonal progression, with the slope water of high salinity
(34 per mille) spreading inward from the channel over the bottom, to occupy all the
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southeastern part of the gulf and northward to the northern slope. It is possible
that in some years the inflow may continue actively until late in August; but the
data for 1913, 1914, and 1915 make it more likely that the indraft usually slackens
by the first of July, if not earlier, when a progressive tendency toward the regional
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FIG, 150.-Sallnlty at a depth of 200 meters, July and Aucust, 1912 to 1916

equalization ()f salinity naturally ensues by various local circulatory movements of
the water. It is also possible that slope water enters in much greater volume in
some years than in, others.
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It seems, however,thtitthese changes involve theBa.y of Fundy to only a small
degree at 100 meters or deeper" for in 191'7 the salinity at that level changed: fro~
32.4 per mille onJuly4toaboiIt33per'miHeonSeptember 3atastationoffGran4
Manan (Mavor,1923,.p.. 315). Values' differing little frOID this are evidently to
be expected in the bay at this depth atthe end of most summers, witness Craigie's
(191681) records of 33.3 to 32.4 per mille in 1914 3 and Mavor's (1923) of 32.6 tQ 33
pElr mille in 1919. However, sufficient water of high salinity flows into the bottom
of the bay in late summer to maintain a more or. less constant (though slight) differ
ential between lower values along its northern side and higher values in its trough,
with the water along its Nova Scotian slope iIl,termediate in salinity at depths
greater than 100 meters instead of most saline, as it is at the 40-meter level (p.783).

Station.

Meter

,2!.----,...-----------4:.
Fla. 151.-Sallnity proftle running from the eastern part of Georges Bank (stations 10223 and 10226) across the Eastern

Channel (station 10227), Browns Bank (station 10228), and the Northern Channel lstatlon 10229), to the otfing of
Cape Sable (st.atlon 10230), for July 23 to 25, 1914

PROFILES

The relationship that the slope water of high salinity in the Eastern Channel
bears to the shallows on either hand, and especially to the overflow over Browns Bank,
is most graphically illustrated on the July profile (fig. 151), as is the fact that the
eastern edge of Browns was its extreme boundary in that direction (and always has
beel). in our experience), where it gives place by abrupt transition to much less saline
water in the Northern Channel, and so in toward the land near Cape Sable. The
profile also corroborates the evidence of the charts to the effect that this water of
high salinity was not overflowing at all on Georges Bank at the time. In fact, it is
doubtful if it,does so at any season; for w.e have found no evidenCe of such an event,
either in spring or in 8ummer~

Calculated from Craigie's hydrometer readings.
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) The course of the isohaline of 32.5 per mille over Georges Bank in this profile
is also worth comment in connection with the northeastern to southwestern tongue
of low salinity and low temperature recorded thereat the surface (p. 770) as evidence
ofa counter movement out of the gulf, eddying clockwise around the eastern end of
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FIG, 152,-Depth belo'! the surface of the lsohalobath for 34 per mllle, July to August, 1914

the bank (fig. 207). The confinement of the slope water between the banks is also
illustrated by a summer chart of the 34 per mille water (fig. 152), asis its extent. (Lt

that season compared with the spring (fig. ·U8). .
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The constant tendency of the slope water to bank up against the eastern (Nova
Scotian) slope of the gulf as it drifts inward over the bottom has been mentioned
repeatedly in the preceding pages. The consequent concentration of the highest
salinities (34 per mille) in the eastern side of the basin, reappearing from month to
month on the charts for the deeper levels, is illustrated perhaps more clearly on a
profile running from the center of the gulf toward Cape Sable for August, 1914 (fig.
153), than on any of the others, though corresponding profiles for August, 1913 (Bige
low, 1915, fig. 48), and for August-September, 1915 (fig. 154), show something of the
sort. On August 12 and 13,1913, for example, the isohaline for 33 per Inillein proffie
revealed a very decided banking up in the mid-strata on the Nova Scotian slope off
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FIa. 153.-SaJlnlty profile ronnlng eastward from the oiling of Oape Sable (station 10243) toward the center of the GUlf of

Maine (station 10249), for August 11 to 13. 1914

the mouth of the Bay of Fundy (Bigelow, 1915, fig. 53), although not of the deepest
and most saline water. In 1914 this banking up involved the whole column of water
right up to the surface at the time of our cruise. In this region ofsuch active tidal circu
lation, however, sporadic vertical movements of this sort are to be expected; a pro
file run a few days earlier or a few days later might have agreed more closely in this
respect with the profiles for 1913 and 1915.

In 1913, 34 per mille water occupied the whole breadth of the eastern arm of
the basin. In 1913 and 1914, however, slightly lower salinities prevailed in its
western side, a difference reflecting a corresponding difference -in the circulation of
water over the bottom for the preceding weeks.



PHYSIOAL OCEANOGRAPHY OF THE GULF OF MAINE 791

""The eastern ends of the summer profiles along this general line confirm the evi
dence of the charts to the effect that the flow of Nova Scotian water past Cape
Sable nearly or quite ceases before July, by the extremely abrupt transition in salin
ity between the stations just to the west of the cape (32.4 to 32.8 per mille) and
those in its offing or just to the east of it « 32 per mille).

The western end of any summer profile along this line, whether for 1913 or for
'1915 (fig. 154), is interesting chiefly for its demonstration that ·off Massachusetts
Bay water less saline than about 32.5 per mille occupies a cross section hardly less
extensive than in May (fig. 126), though with the isohaline for that value pointing to
'SOme tendency for the fresher water to expand, seaward, over the salter. A rela
tionship of this same sort also appears, as might be expected, on other profiles
running out normal to the coast line, at several locations between Cape Ann and the
Bay of Fundy, for the summers of 1912 and 1913 (Bigelow, 1914, figs. 30 to 32,
and Bigelow, 1915, figs. 49 to 51).

FlO. 154.-Sallnity prollle running eastward across the gulf from the month of Massachusetts Bay (station 10306) to the oftlng
of Cape Sable (station 10312), August 31 to September 2, 1915

The summer profiles also supplement the charts for the 100-meter level in making
clear the isolation of the sink off Gloucester (typical of all such sinks) by its barrier
rim, resulting in the vertical homogeneity of salinity below the level of the latter,
with a considerably lower value at the bottom of the sink than at an equal depth in
the basin outside, which is characteristic of this situation.

The summer state of the water in the bowl inside Stellwagen Bank and in the
deep channels that give entrance to it on the north and south is developed by pro
files crossing the mouth of Massachusetts Bay for August 31, 1912 (Bigelow,1914,
fig. 33), July 19, 1916 (fig. 155), and August 22, 1922 (fig. 140). In the summers of
1916 and 1922 the saline bottom water. (>32 per mille) of this bowl was continuous
with the still higher salinities of the basin of the gulf outside via the floor of the
channel next Cape Ann, but was entirely cut off to the southward by Stellwagen
Bank. Consequently, any bottom drift that may have been taking place into the
bay at the time, or shortly previous, must have followed the northern route.
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In 1922, also, the upper 50 meters was least saline in the northern side of the
bay, as might be expected if the general anticlockwise eddy enters it. This is
probably the usual state at· the end of the summer, also, unless temporarily interrupted
by the offshore winds, when temporary upwellings may be responsible for surface
salinities higher in the northern side of the bay than in the southern side (so confus
ing the picture), as appears on the July profile for 1916 (fig. 155).

Our own cruises do not afford summer profiles for the Bay ·of Fundy; but Mavor
(1923) gives several such for August, 1919, cross-cutting the bay at intervals, all of
which show the upper strata of water on the whole salter in the southern (Nova
Scotian) than in the northern (New Brunswick) side. This distribution, as Mavor
has brought out, corresponds to a tendency for the outpouring discharge of fresh
water from the St. John River to spread southwestward along New Brunswick, while

<:>
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FIG. 155.-Salinity profile crossing Massachusetts Bay from the eastllrn point, Gloucester to Cape
Cod, lust inside Stellwagen Bank for, J"uly 19, 1916. The broken curve gives the contour of the
bank (stations 10340 to 10342)

the salter water (32 to 32.5 per mille) tends to bank up against Nova Scotia, giving
a marked obliquity to the isohalines. In the bottom of the ,trough of the bay
Mavor's profiles show the saltest and coldest water (33 to 33.1 per mille) as a lon-

. gitudinal ridge, which he explains (Mavor, 1923, p. 364) as due to a rotation of the
deeper wateraround this locality as a center. Concentration of the lowest salinities
in the northern side also appears in the densities on profiles of the lower part of the
bay for August, 1914 (Craigie, 1916a), proving this the usual summer state.

The characteristic contrast, below the surface, between the high salinity of the
Atlantic basin and the much less saline water of the continental slope and shelf is
brought out graphically for the summer months by the profiles (figs. 156 to 158)
for 1914. Whether in July (figs. 156, 157) or in August (fig. 158), the successive



PHYSICAL OCEANOGRAPHY OF THE GULF OF MAINE 793

isohalines show a sudden transition from the one to the other (most abrupt at this
shoaler levels) and parallel to the edge of the continent. It is especially suggestive
that while considerable overflows of water niore saline than 33 per mille appear on
the profiles in two regions-one from the Eastern Channel across Browns Bank, as
just described (p. 788), and the other in the offing of Nantucket Shoals-neither
profile (nor the chart for 200 meters, fig. 150) suggests any tendency for this most
saline water to enter the Eastern Channel. On the contrary, the isohalines for
the highest values at each level cross the latter, leaving the oceanic triangle occupied
by the intermediate salinities of the slope water (33 to 35 per mille).

As to the date when bottom water of high salinity may be expected to drift in
over the edge of the continent toward Nantucket Shoals, I can only point out that
in 1913 water of 33 to 33.5 per mille and upwards in salinity was encountered at 40
meters over th~ outer edge of that sector of the shelf as early as July 10 (stations
10060 to 10062). In 1914 water of this high salinity had encroached on the south
western part of Georges Bank by July 19 and had reached the 40-meter contour off
Nantucket Shoals some time prior to the last week in August (fig. 145); but in 1916,
a backward year (p. 772), the bottom water over this part of the shelf was only
32.5 to 33 per mille on July 19 to 25 (stations 10354 to 10355,fig.159)-i. e.,
about 1 per mille less saline than at about the same season of 1913 or of 1914, cor
responding almost exactly to the readings obtained there in May, 1920.

Water more saline than 35 per mille may be expected to wash the slope
at the 100-meter level right across the mouth of the gulf at some time during the
summer, and perhaps continuously throughout the summer during some years, for
the Canadian Fisheries Expedition had 35.35 per mille at 100 meters on the slope
of the La Have Bank in July, 1915 (Bjerkan, 1919; Acadia station 41), where the
100-meter salinity on July 28, 1914, was only 34.16 per mille (station 10233; both
reaqings taken over the 450-meter contour line).

Only on one occasion have our lines reached water of full oceanic salinity (36
per mille)-namely, abreast the western end of Georges Bank on July 21, 1914
(p. 780, figs. 145 and 156). Failure to find water as saline as this at our outermost
stations anywhere else between the offings. of Chesapeake Bay and Cape Sable on
any other cruise, or off Nova Scotia, suggests that this pure" Gulf Stream water"
may be expected to approach the edge of the continent more closely thereabouts,
as it moves northward in summer, than either to the west or to the east.

We have yet to learn whether oceanic water approaches so close to the edge of
the continent every summer as it did in 1914. In 1913 and 1916 (the one an early
and the other a late season in the sea) it certainly did not do so until well into the
summer, if at all. We may assume, therefore, that the situation pictured on the July
profile for 1914 (fig. 156) is most likely to be reproduced in August, taking one sum
mer with another.

Although this highly saline water probably approaches within a few miles -of
the 200-meter contour at about this longitude (68° to 70°) by the end of every
August, it has never been found actually encroaching on the continentalshelf abreast
of the Gulf of Maine or anywhere else along the North American lit.toralnorth of
Chesapeake Bay at any season. Bjerkan's (1919) record of 35.9 per mille at 50
meters at the Acadia station 44 miles off La Have Bank on July 22, 1915,combines
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with our own data for 1914 (fig. 145) to show the isohalines for 35.5 and 36 p~r mille
departing farther and farther from the continental edge, passing eastward from
Georges Bank, and so leaving a less saline wedge (34.5 to 35.5 per mille) some 60
miles wide off the mouth of the. Eastern Channel. This fact is worth emphasis as
one of the numerous bits of evidence that the indraft that takes place into the east
ern side of the gulf, via this channel, is constantly of the so-called "slope" origin
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(p. 842), thus accounting for the rarity of tropical planktonic animals and plants
within the gulf (Bigelow, 1925).

When the transition in salinity is as abrupt along the edge of Georges Bank as
it was in July, 1914 (fig. 156), to speak of a salinity"'Wa.ij" is excusable exaggera
tion. At such times the following waters may be nl;lJIled, successively, along any
profile crossing Georges nank from north to south:
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First, in the basin to the north of the bank is the Gulf of Maine complex, rang
ing in salinity hereabouts from about 32 per mille at the surface to about 33.5 per
mille at a depth of 200 meters and close to 34 per mille in the still deeper trough of
the basin. The northern part of the bank is washed by the typical "banks" water.
with a mean salinity of 32.5 to 33 per mille, which in the shoaler parts is kept nearly

Statio...
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FIG. IS7.-8aJlnity profile running from the southeastem part of the gulf (station 10225), southward across the eastem
end of Georges Bank (stations 10221 to 10224) to the continental slope (station 10220), July, 1914

uniform, vertically, by tidal stirring. Over the seaward slope the zone of trarisi':'
tion to the much more saline water is condensed into so narrow a zone that the
successive isohalines become nearly perpendicular on the distorted scale adopted for
the profiles, their precise degree of obliquity depending, of course, OD. the proXimity
of the oce~nic water to the south. Finally, at the offshore end true oceanic or
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"Gulf Stream" water more saline than 36 per mille will be met if the profile runs
out far enough.

Farther east (fig. 157) a rather different picture results from the homogeJ!llOU$(
state of the water maintained OJ! the bank by active .tidal stirring, as described !\bo'Vi~

(p. 770) ; but the contrast between the comparatively low salinity there and themu!ll)·
higher values on the continental slope to the south, on the one hand, as well as in
the basin of the gulf to the north, on the other (34 per mille), affords a graphio
illustration of the extent to which the contour of the bottom controls the relationship
of water masses that differ in salinity because of different origins. Note also the
abrupt transition from the thick layer of 35 per mille water in the bottom of the basin
to the very much lower salinity (about 32.2 per mille) at the surface on this profile,
reflecting the considerable difference in density that exists in summer between the
slope water and the surface. stratum beneath which this intrudes.

All three summer profiles of the continental shelf for 1914 (figs. 156, 157, and
158) show extremely uniform salinities of 35.2 to 35.4 per mille bathing the bottom
at about 100 to 200 meters depth all along the slope abreast the gulf; and as the
Canadian Fisheries Expedition also had 35.4 per mille at 200 meters just outside the
continental edge in the offing of Shelburne, Nova Scotia, on July 22, 1916 (Bjerkan,
1919; Acadia station 41), this may be taken as normal for the summer.

. In February and March, the reader will recall, only the western sector of this
zone was as salt as this; in July, 1916, the values were slightly below 35 per mille
(fig. 159)-differences that apparently reflect the normal seasonal succession in
the inshore and offshore movements of oceanic water. On this assumption the
maximum salinity of the eastern sector of the warm zone for the year is not far from
35.5 per mil)e, and the minimum certainly is as low as 34.5 to 34.7 per mille.

At depths greater than 400 meters the bottom water on this sector of the con
tinental slope is always close to 34.9 to 35 per mille in salinity, perhaps never vary
ing more than 0.2 per mille from this mean value at any time of year.

Lower salinities off Marthas Vineyard in July, 1916 (fig. 159), than in August,
1914 (fig. 158), no doubt reflect the normal seasonal succession in this part of the sea,
suggesting that values less than 32 per mille will seldom be recorded on this line
after July, and that water more saline than 33 per mille may be expected to move
inshore over the bottom during that month and August (p. 793). The fact that the
water over the median sector of the shelf was nearly homogeneous in salinity, sur
face to bottom, at that time (fig. 158), contrasting with pronounced stratification
closer into the land, on the one hand, and farther out at sea, on the other, is unmis
takable evidence of active circulation. The abrupt transition from low salinities to
high ones over the edge of the continent, made evident on the profile by the isoha~

lines for 34, 34.5, and 35 per mille, also marks this as the zone of contact between
two distinct masses of water Itt the time (p. 795). The rather unusual vertical distri
bution of salinity about one-third the way out from the land where the mid stratum
was less saline than either the surface above it or the bottom, has been commented
on (p. 779).

These two Pl'ofiles (figs. 158 and 159) are also of interest from a more general
viewpoint al;!. illustrations of the general increase in salinity from the land seaward,
which is characteristic of the whole continental shelf between Cape Cod and Chesa
peake Bay.
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FIG. 160,-Vertical distribution of salinity olfGloucestor, August 31, 1915 (station 19306, dotted
curve), October 1,1915 (A, station 10324), and October 31,1916 (B, station 10399)
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SALINI'TY IN'AUTUMN AND EARLY WINTER

Observa,tionstaken through September andOck>ber of.1915;fn ~;a.rly;Nb.vexn.h8r
of 1916, and ~t the end of that moIith in 1912 afford a general pictureo~ the salin~ty
~f the northern and western parts of the guif at that season. Vachon' (i9~8)aild
,Mavor (1923) also give autumnal datafor 1916, 191,7, and 1919 for,varipu$,l~aliti~s
~ the Bay ofFundy region. . .'," '. ;,: ';',., in

In 1915 pairs oLsuccessive stations were occ),lpiedatintervals.e~pI;ess1l~ sh~"

the sE)asonal changes, if any; and when the salinitiec: for these are plotted a,n inqrell-~

of 0.6 to 1.1 per'mille is shown at the surface all a1on.e: the coastwise belt e8Sto(O.a~~
Elizabeth from July and August to, October-an mcreaseofabout O'~jto q;~ lWr
mille at the 50 to 60 meter level. ,A.~ the same time, however, tb.e v~rtical I;,ang"1of

, 2 3 4 5 6' 7·8 '9 . 32 1 2 3 ,4 5 ,6 78· ',933 :,1':
Meter 0

90

150

salinity decreased somewhat off Mount Desert (fig. 107) and off Machias,' a chango
foreshadowing the verticalequalization of the water that takes place in winter (p.801).

A pair of stations for August 31 and October 1, 1915 (stations 10306 and 10324);
show a corresponding increase of nearly 1 per mille in the salinity of the upper 40
meters of water over the sink off Cape Ann at the mouth of Massachusetts Bay
(fig. 160), though very little change took place at depths greater than 50 meters
meantime, proving that the surrounding rim isolates its deeper strata. ·of this bowl
effectively in autumn as it does 'earlier in the season.

The superficial stratuIIloff the mouth of Massachusetts Bay also seems to have
experienced some increase of salinity during the early autumn of 1916,the 8urfa~

'value being a.bout 0.5 per mille higher-at the station in question. (10399) pn Octppet
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31 than at a locality a few miles to the south on August 29 (station 10398), with
almost precisely the same values at depths greater than 50 meters as in August and
October, 1915. Increasing salinity in the upper strata, contrasted with constancy
in the deep water, is thus a regular accompaniment of advancing autumn in this
locality.

Tidal currents being comparatively weak here, autumnal salting at the mouth
of Massachusetts Bay reflects some widespread change of the same sort, not simply
vertical mixing in situ. The extent to which the inner waters of the bay share in
this alteration during the early autumn is therefore interesting. Unfortunately, this
can not be stated, for Want of data at successive dates throughout any given seasonj
but the fact that the surface of the northern side of the bay had virtually the same
salinity on October 26 and 27, 1915 (stations 10338 and 10339), as a month earlier
(stations 10320 and 10321), but had become about 0.5 per mille more saline near
Cape Cod during this same interval (station 10322, 31.4 permillej station 10337,
31.9 per mille), is evidence that salinity increases more rapidly at the mouth of the
bay in autumn than near the head, as might be expected.

Passamaquoddy Bay, across the gulf, is also somewhat more saline in October
than in August, by Vachon's (1918) observations, notwithstanding irregularities in
the mid depths, caused, no doubt, by the strong tides. As Passamaquoddy Bay
receives the discharge of a large river, while the land drainage into Massachusetts
Bay is trifling, it is probable that a corresponding increase in salinity takes place in
estuarine situations and along the shore generally all around the coast line of the
gulf as well as in the Bay of Fundy, where Mavor (1923) records a considerable
increase in the salinity of the upper 80 meters of water between Grand Manan and
Nova Scotia 4 from August 25, 1916, to November 6.

Such data as are available for October make it likely that this general salting
brings the surface salinity above 32 per mille all along the coastal belt to the north
and east of Cape Ann (outside the outer islands) by the first week of the month in
most years. As a result the area less saline than 32 per mille which skirts the whole
coast line of the gulf from Cape Cod to the Bay of Fundy in July and August (p. 769),
contracts to include Massachusetts Bay alone by mid autumn. A similar relation
ship between the salinities of late summer and of mid autumn prevails down to a
depth of 40 to 50 meters.

Some increase in the salinity of the upper stratum of water was naturally to be
expected along this sector of the coast line in autumn as the effects of the vernal
discharges from the rivers are gradually dissipated. If this process of mixture is
accompanied by an active indraft of highly saline water into the bottom of the gulf
the increase will involve the whole column right down to the deepest stratum of the
basinj otherwise the intermingling of comparatively low salinities from above with
higher salinities from below must result in lowering the salinity of the deeper strata
while raising. that of the shoaler. The vertical distribution of salinity is therefore
an index to the strength Of the bottom drift in autumn.

Unfortunately, no deep stations were occupied during the autumn of 1915; but
on November 1, 1916, .observations taken in the basin off Cape Ann (station 10401)
yielded decidedly lower salinities in the deepest. stratum than we have ever found

• Prince station 3 (Mavor, 1923,p. 374)
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there in the summer in any year. True, the seasonal 8uccessionis J).ot a.ltogether
clarified thereby, because of the certainty that annual differences are sometimes
wider than the seasonal differences; 1916 may have been a fresh autumJ).,whjle
the summers of 1913 and 1915 were certainly more saline than those of, 1912 or
1914. At least there is nothing in this record to suggest an active inward pulse of
Jlope water during the early autumn, but rather the reverse; and the relationship
between the salinities for that date, on the one hand, and the curves for July 17,
1912, and August 22, 1914, on the other (stations 10007 and 10254), is what might
be expected in the normal seasonal succession, with vertical stirring by tidal cur
rents, winds, and waves becoming increasingly more effective through the autumn,
when cooling at the surface decreases the vertical stability of the water.

We have no data for salinity on the offshore banks-Georges or Browns-for
October or later in the autumn; but profiles of the continental shelf in the offing of
Marthas Vineyard and a few miles farther west, run by the Grampus during the
third week of October, 1915 (stations 10331 to 10334), and on November 10 and 11,
1916 (fig. 162), show that if slopewa.ter had worked in over this sector of the shelf
along this line during the preceding summers it had moved out again from the edge
of the continent by mid autumn, leaving values lower than 34 per mille out to the
120-meter contour. It is likely, therefore, that such encroachments of high salin
ity over the outer edge of the continental shelf off southern New England as are
described above (p. 796) are strictly summer events. For water as saline as 34 per
mille to continue on this part of the shelf after the end of· September would, it seems,
be an unusual event.

If the inshore ends of these two profiles, in combination, represent the usual
October-November state, and if conditions prevailing there in August, 1914 (p. 796,
fig. 158), are equally representative of that season, the coastwise water less saline
than 32.5 per mille spreads out from the land, seaward, during the autumn, until the
isohaline for this value includes the bottom out to the 40 to 60 meter contour and
the surface halfway MOSS the shelf.s The relationship between this November pro
file and the profile off New York for that August affords further evidence of similar
import, as remarked elsewhere (Bigelow, 1922, p. 125, figs. 23 and 38).

The most interesting alteration that takes place later in the autumn is that the
vertical range of salinity in the upper 100 meters, like that of temperature, decreases
as the water loses stability and as tides ltnd winds stir it more and more actively.

Observations on the salinity of the gulf for the last half of November and first
half of December have been confined to the bowl at the mouth of Massachusetts
Bay off Gloucester in 1912 (Bigelow, 19140., p. 416), and to the deep trough of the
Bay of Fundy, between Gi-and Manan and Nova Scotia, in 1916 and 1917 (Mavor,
1923, p. 375).

At the first of these localities and years salinity· had become virtually homoge
neous at about 32.5 per mille from the surface down to a depth of about 50 meters
by November 20, increasing slightly with increasing depth to 32.66 per mille at bot
tom in 62 meters (fig. 111). However, the fact that virtually no alteration of salin
ity had taken place at the bottom there since the preceding August (stations 10045

'On the August profile (fig. 158) water less saline than 32.5 per mille did not touch the bottom at all at dePth& creater than
20 meters.
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and. lOo46),th61Jgh that O'f the surface, had increased from 31 ;67 to -31.92 pet mille
M 32.57 per mille durihg -the interval; is proof -that the autumnal progression alSo
reflected an indraft of more saline water over the rim.

"Some salting of the 'whole column of water is to be expected, therefore,at tne
InouthofMass8.chusetts Bay during the late autum, besides the increase 'at the surl
fuce that stirring by tidal currents would, of itself, effect at this season. Although
this alteration was not continuous in 1912, when salinity was'almost preCisely the
same on December 4 &s it had been on November 20 Itt the station in question,O it
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l'~sed the salinity of the entire column (now homogeneous, surface to bottom) to
about ?2.75 per mille by the 23d of that month.

Mavi)I~ (1923) also records a considerable increase in' the sa1inity of the upper
strata of tile Bay of Fundy from October 4,1916, through November, although the
bottom water continued virtually unchanged throughout that autumn. The verti
cal distributidnfor October 4 of that year 7 is especially interesting, the salinity being
highest at 50 meters, with less saline water below it as well as above, and with a
very abrupt increase near the bottom. 'A distribution of, this sort, decidedly unusual

'" . ... ,.... , .'.
132.56 per mille at the surface and at 46 meters; 82.61 per mllIe near bottom In 70 meters depth.
'10 meters, 8l.9 per,mllle;, 60 meteu, 82.6 per mille; 75 meters, ;12.4 mille; 160 meter&, 82.5 per mllIe; an<j. 175 meters, 33 per

mille.
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in the Gulf of Maine region,·suggeatllm'dtaftstfiom.:the b8ain offshore at two levels~

one centering at about 50meters ,and the other over the bottom.. '. ...... ' .... ' .
. In 1917 the autumIialprog~essiono'fsalinity in the Bay of Fundyw.as'of th~

~verse order (fig. 16l), Mavor's(1923) records showing it decrease of abotit ~.2per

mille at all depths from October to December, as follows:8
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FIG. 162.-Salinity profile crossing theeontlnental shelf oil Marthas Vineyard, November 10 and 11, 1916. (From Bigelow',
1922, fig. 38)

It is obvious that with salinity increasing in the one year of record, decreasing
in the next, neither an increase nor a decrease can be named as normal for the Bay
of Fundy in late autumn. Freshening is probably to be expected there in years
when the autumnal rains are heavy and the discharges from the St. John and from
the other rivers tributary to the bay are correspondingly great, especially if the
indraftover the bottom (which varies from year to year) is less active than usuaL
On the other hand, salting will follow after summers and autumns with light rain~

fall or with more than the usual contribution of saline bottom water. This expla~

nation is partly corrobated by the fact that the year'sprecipation showedadefi
ciency of 11045 inches from the mean at Eastport in 1916 (when the salinity of the
bay rose in autumn), with every month from August to November fallingl~w. "

8 Condensed from Mavor (1~23~lI. 375).
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SALINITY IN MIDWINTER

The general oceanographic survey of the inner part of the gulf carried out by the
Halcyon during the last days of December and first half of January, 1920-21, affords
our only picture of the salinity of the offshore waters for that season.

These midwinter observations prove interesting from several view points. In
the first place, when added to the winter records for Massachusetts Bay and for the
Bay of Fundy for other years they show that little alteration takes place in salinity
from autumn to midwinter, evidence that this season sees no extensive indraft of
the saline slope water over the bottom. The regional distribution of salinity in the
upper 100 meters gives evidence to this same effect, for this was highest near shore
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FIG. 163.-Ballnlty at the surface, December 29 1920, to January 9, 1921. Contours for every 0.2 per mille

in the western side of the gulf as in May instead of in the eastern, as is the rule
at other times of year. This distribution appears most clearly on the surface pro
jection (fig. 163), with 32.7 per mille off Cape Ann but only 32.5 per mille in the
Nova Scotian side of the basin; likewise at 40 meters and at 100 meters, where these
same localities were the most saline. These, in fact, were the only stations where
the 100-meter salinity was then higher than 33 per mille, so that this isohaline
paralleled the northern and western slopes of the gulf at this level.

The bottom water of the two sides of the basin at 200 meters and deeper then
proved almost precisely alike in the two sides of the basin (about 33.9 per mille off
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Cape Ann, stations 10490 and 10503, fig. 164, and 33.93 per mille in thenorthell.stern
side). However, the submarine rim of the Bay of Fundy, in the one side of the
gulf, and the partial inclosure of the trough west of Jeffreys Ledge, in the other, hinder
free exchange of bottom water in midwinter as effectively as they do in Summer
(p. 776), for the salinity was only 32.87 per mille at 150 meters to the west of Jeffreys
Ledge, contrasting with 33.75 per mille in the open bQ.sin to the east of it. The
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difference was nearly as great between the Bay of Fundy and the open gulf, off its
mouth, at this same level (32.75 per mille at station 10499; 33.37 per mille at station
10502).

We have found· this same general rule applying equally to the deep bowl off
Gloucester at all other seasons; but on December 29, 1920, the deep strata were
much more saline there (station 10489) than were corresponding levels in the open
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basins, whether off Cape Ann (station 10490) or off Cape Cod (station 10491); more
saline, too, than at a neighboring location at any time during the winter of 1912-13.
If these determinations were correct,9 they mean that bottom water had been well
ing up into the bowl from greater depths in the basin at some time shortly previous.
However, this movement had then ceased, and the inequalities in salinity were
decreasing; otherwise the temperature would have been about the same at the sur
face as in the deeper layers (6.9° to 7°), instead of more than 1° lower (5.56° at
station 10489). It is certain, also, that the unexpectedly high salinity did not
persist long at this locality, for the whole column of water had freshened to 32.6 to
32.7 per mille there by the 5th of the following March (station 10511).10

Nor did any upwelling that may have taken place off the mouth of Massachu
setts Bay in December, 1920, involve the inner parts, for the whole column of water
proved decidedly less saline off Boston Harbor on the 29th (station 10488) than at
the mouth of the bay (station 10489); less saline, too, than near Gloucester on
January 30, 1913 (station 10051), when salinity ranged from 32.56 per mille at the
surface to 32.8 per mille on. bottom.

During this midwinter the salinity of the superficial stratum of water was lowest
(31 to 32 per mille) along the shore between Cape Ann and Cape Elizabeth, on one
side of the gulf, and next the west coast of Nova Scotia, on the other, with a mini
mum of 30.02 per mille a few miles south of the mouth of the Merrimac River, no
doubt reflecting the freshening effect of the latter, but slightly higher along the
northern shore of the gulf (32.3 to 32.6 per mille) and in Massachusetts Bay (32.1
to 32.5 per mille). This regional distribution was paralleled at 40 meters (though
with actual values averaging about 0.3 per mille higher), except that the minimum
for this level was close to the Nova Scotian coast (31.3 per mille) instead of off the
Merrimac River, proving the freshening effect of the latter to have been confined to
the uppermost stratum of water at the time.

The narrow confines of water less saline than 32 per mille in midwinter, and
the rather abrupt transition in the western side of the gulf to considerably higher
values a few miles out at sea, contrasted with the much more extensive area inclosed
by that isohaline in April and in May (figs. 101 and 120), reflect the fact that the
rivers discharge much less water into the gulf in late autumn and early winter than
they do in spring.

During the winter of 1912-13 the vertical stratification of the water at the
mouth of Massachusetts Bay, characteristic of the summer season, gave place to a
close approach to vertical homogeneity in salinity, as well as in temperature, by the
middle of December, and so continued through the winter. Closer in to the shore,
however, on both sides of Cape Ann, a greater vertical range of salinity persists into
January and probably right through until spring. ll In 1920-21 all the stations
showed a vertical range of more than 0.3 per mille salinity in the upper 100 meters,
except off Yarmouth, Nova Scotia, and off Cape Cod (stations 10501 and 10491),
where the water was virtually homogeneous, surface to bottom, and near Seguin

• There is no technical reaSon to doubt their accuracy.
I. In 1913 the salinity at a near-by locality t'Ontinned to increase until Mar. 19, when ·it attained Its· maximum of 33 per

mllljl at the surface and 33.17 per mille on bottom at a depth of 88 meters.
II Vertical range of 0.3 to 0.7 per mille In depths of 30 to 35 meters at stations 10051 and lC052on Jan. 30, 1913.
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Island (station 10495), where the salinity increased 'Only from 32.6 per mille at the
aurfaee to 32.77 per mille at 75 meters.

Local freshening of the surface, just described (p. 806), was then responsible for
the very considerable vertical range of 2,6 per mille in water only 30 meters' deep
between Cape Ann and the Merrimac River, with differences of 0.8 to 1.4 per mille
between the surface and the 75 to 100 meter level off Cape Elizabeth and off Cape
Ann (stations 10488, 10489, 10492, and 10494). .

It is certain, however, that as the surface continued to cool during that winter
the decrease in vertical stability was accompanied by a progressive equalization of
salinity in the upper 100 meters; for the surface and the 100-meter level differed by
less than 0.2 per mille in salinity at five out of seven of the stations for the follow
ing March (stations 10505 to 10511). Thus, the seasonal cycle was fundamentally
the same in this respect in 1920-21 as in 1912-13, except that it was more tardy in
its early progression.

No general survey of the salinity of the gulf has yet been attempted during
the last half of January or the first half of February-on the whole the coldest
season (p. 655). However, periodic observations taken in Massachusetts Bay during
this period of 1913, hydrometer readings taken at 15 stations by the Fish Hawk in
its southern side on February 6 and 7, 1925, and Mavor's (1923) winter records for
the Bay of Fundy in 1916 and 1917 show that no very wide change is to be expected
in the salinity of the gulf during the last half of the winter.

These Fish Hawk determinations ranged from about 32.3 per mille to about 33.3
per mille, according to the precise locality, averaging lowest in the hook of Cape Cod,
where the surface was about 32.3 to 32.4 per mille, and highest in the center of the
bay (whole column close to 33 per mille, surface to bottom). The maximum differ
ence in salinity between surface and bottom was then only 0.4 per mille (average
difference about 0.2 per mille), with the water virtually homogeneous, surface to
bottom, at the two deepest stations (about 70 meters deep).

It is interesting to find the salinity of the deeper part of the bay for February
7, 1925, almost exactly reproducing the values recorded off Gloucester on the 13th
of the month in 1913 (station 10053, surface 32.83 per mille,bottom 32.84 per mille);
evidently neither of these winters, as contrasted with the other, can be described as
"fresh" or "salt" in the bay. In both 1913 and 1925 the water away from the
immediate influence of the shore .line was equally homogeneous in salinity from
top to bottom by these dates; but the data for the two years combined bring
out a decided regional difference in this respect, with the surface continuing 0.3 to
0.4 per mille less saline than the deeper strata along the northern and southern mar-
,gins of the bay, no doubt because of land drainage. ,

Although we have made no offshore stations in the gulf between the middle of
January and the last week of February, some knowledge of the ebb and flow of the
slope water over that period is obtainable from the seasonal progression from Feb
ruary to March in the deeper parts of Massachusetts Bay, and from the salinity of
the basin off Cape Ann for March 5, 1921 (station 10510), compared with the pr&
ceding December and January (stations 10490 and 10503).

In 1913 the salinity rose to about 32.8 per mille at the surface, to 32,9 per ID,.ille
on bottom in 70 meters. at the mouth of the bay by January 16-a mean increase of
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about 0.2 per mille for the preceding six weeks. Apparently. thisindraft of saline
water from offshore then slackened, for on February 13 the water .(then virtually
homogeneous, top to bottom) still had this same salinity. It then salted once more
to 33.04 per mille on the bottom by March 4 (no change at the surface), with a
slight further increase during the next two weeks to 33 per mille at the surface and
33.17 per mille on bottom, which proved the maximum for the year, succeeded by
the vernal freshening already described (p. 723).

In 1925 'the salinity of the deep central part of the bay remained virtually
unchanged from February 7 12 until March 10, at about 33 per mille, surface to
bottom.

In 1921 the bottom of the basin off Cape Ann showed no appreciable alteration
in salinity from December and January to March, with bottom readings of 33.87 to
33.99 per mille at all three of these stations (10493, 10503, and 10510) in depths of
200 to 250 meters; but the bottom water of the bowl at the mouth of Massachusetts
Bay off Gloucester freshened by about 1 per mille (stations 10489 and 10511, 33.84
and 32.7 per mille).

It is doubtful, therefore, whether any appreciable drift inward over the bottom
of the gulf took place during the winters of 1921 or 1925; and while rising salinity
gave evidence of some such movement into Massachusetts Bay in the winter of 1913,
the alteration from month to month was so small as to prove it small in volume as
well as intermittent in character. In the Bay of Fundy, again, according to Mavor
(1923, p. 375), salinity decreased slightly between January 3 and February 28 in
1917.13 In short, such evidence as is available suggests that the winter sees a
decided slackening of the drift of slope water inward through the Eastern Channel.

SUMMARIES OF SALINITY FOR REPRESENTATIVE LOCALITIES

Summaries of the annual cycle follow for localities where the greatest number of
observations have been taken. Unfortunately, none of these stations in the open
gulf afford a complete year's cycle at intervals close enough, either in time or in depth,
to be more than preliminary, but at the least they will serve to illustrate the major
changes to be expected from season to season and from the surface downward.

BAY OF FUNDY

Mavor's (1923) records of salinity on 18 occasions, covering the interval from
August 25, 1916, to May 10, 1918, at a station near the mouth of the Bay of
Fundy, between Grand Manan and Nova Scotia, are especially instructive in this
connection. The outstanding event in the annual cycle of salinity here is the sudden
freshening of the surface that takes place in spring (fig. 165), occasioned by the out
pouring of fresh water from the rivers emptying into the bay-chiefly from the
St. John. This occurred between the 10th of April and the 10th of May in both of
these years (probably the usual date). As described above (p. 743), the surface then
salts again as the thin stratum so affected mixes with the salter water from below,

II No salinities were recorded prior to that date during that winter.
II Prince station 3, laD. 3, salinity 32.6 per mUle at the surface, 33.24 per mille at 100 meters, and 33.33 per mille at 176 meters,

whUe on Feb. 28 the values at these same depths were 32.66, 32.97, and 33.01 per mille.
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to reach its maximum for the year in October (as in 1917) or November-December
(as in 1916)-an annual difference no greater than might be expeotedin any coastal
region where the precise salinity is so largely governed by the volume ofriV:er water.
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FIG. 16li.-Seasonal variations of salinity In the Bay of Fundy, August, 1916, to December, 1917, at the surface, 50
meters, 100 meters, and 175 meters, constructed from Mavor's (1923) tables

During the remainder of the year the surface salinity of this part of the bay is
comparatively uniform.

Vernal freshening is progressively less and less effective 'With increasing depth,
so that the salinity of the 50-meter level decreased only by about 1.2 per mill&
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from its maximum to its minimum during the year illustrated, the 100-meter level
by about as much, though the surface freshened by upwards of 4 per mille. This
~cular change also culminates later in the season with depth, just as vernal warming
does (p. 664), with the mid-stratum least saline about the first of September or four
months after the salinity of the surface has passed its minilllUm for the year.
The progressive freshening of the 75 to 100 meter stratum was also interrupted in
the July in question by some temporary welling up of more saline water from below.

The graph (fig. 165) is also instructive for its demonstration that the incorpora
tion of the vernal outpouring of river water into the superficial strata of the bay has
little, if any, effect on the salinity at depths greater than about 140 to 150 meters.
Consquently the periodic variations that take place in its deepest waters reflect cor
responding variations in the volume and precise salinity of the inflow over its rim
from the open basin of the gulf outside. Slight undulations in the curve for the 175
meter level (fig. 165) show a sort of irregular pulse in this respect, in which the
annual variations seem (from available data) wider than the seasonal variations.

This graph is a striking illustration of the general rule that the vertical range of
salinity is widest in coastwise boreal waters, generally, at the time of the vernal fresh
ening of the surface; narrowest in autumn and winter, when little land water enters
and when winds, waves, and tidal currents stir the water most actively.

MASSACHUSETTS SAY REGION

The regional distribution of salinity in and abreast of Massachusetts Bay is such
that a difference of 3 to 5 miles in the location, nearer to or farther from shore, is
associated with wide differences in salinity, especially at the surface, so closely does
the freshest water hug the land during most of the year.

The accompanying composite graph (fig. 166), based on monthly averages for
various years 8 to 12 miles of Gloucester, is offered as an approximation of the sea
sonal progression to be expected in years neither unusually salt nor unusually
fresh, unusually late in seasonal schedule nor unusually early; 14 and it pre
tends to nothing more. It does not represent anyone year; in fact, some of the
individual readings have differed considerably from the smoothed curve laid down
here, differences reflecting the annual variations described in the preceding pages.

The curve for the surface corroborates an earlier graph, based on less extensive
data (Bigelow, 1917, p. 207, fig. 42), to the effect that the superficial stratum of
water may show vernal freshening as early-as the end of February or It month earlier
than in the Bay of Fundy (p. 808); but additional records for the spring months have
proven that the minimum salinity for the year is to be expected considerably earlier
in the season in Massachusetts Bay than I formerly supposed, and that the salinity
falls to a much lower value there at its annual minimum. It is a fortunate chance
that our survey has included one spring (1920) that may be described as "fresh" in
this region, lUld one (1925) as "salt." These two years differed little during the first
half of April (p. 728; 32 to 32.4 per mille), and thesurface seems to have freshened to
its miniInum about the last of April or first of May in bo.th yearsY However,while

II The station occupied at this general locality in July, 1916, is omitted, that being an unusually tresh year.
11 O~rvatlons were Ilot taken at IntervaL~close eI\Ough to establish the date more closely than this;
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this reduced the surface salinity by Itt least 3.2 p~r mille betW6eA·April 9 and May 4
(29.1 per mille) in 1920, the lowest value recorded at the mouth of the bay in 1925
was31~3per mille on April 23 and again on May 22,though it is possibl~"ofcourse,

that the "peak" fell between these two dates, as alreadyrematked (p. '741).
A considerably higher l:!urface value at this locality on Ma.y 4, 1915 (station

1{)266, 32.3 per mille), is reconcilable on the a.ssumption (discussed above) that the
etfectsof vernal freshening were more closely confined to the immediate vicinity of
the land in that spring. However, this record is averaged on the graph (fig. 166) •

.8

31.0

.2

.4

.8

32.0
':l

" .2"

i...

:>--. rj,' +:. +=- ~
a..

:> QJ <.J

J .« r.J) 0

>o
~

PIG. 166.-Seasonal progression of salinity at the surface at the mouth of Massachusetts Bay, 12 miles off G10uoester,
based on monthly averages of the records in the varioUs years. The data for July, 1916, are oDlitted for the reSSon
given on p. 810 '

Taking one year with another, the lowest surface salinity of the year is to be
expected at this general locality between the last week of April and last week of May.
Surface values lower than 31 per mille (sometimes as low as 29 per mille) are to be
expected there at some time during this period-a decrease of more than 2 per mille
from the maximum salinity at the end of winter. "

The vernal freshening at this particular region results chiefly from the discharges
from the large rivers to the north (nearest of these is the Merrimac), for noJatg.~
streams empty in the immediate vicinity. Consequently, any fluctuat~on.~,.i,Ath~
volume and direction of the drift past Cape Ann will be mirrored by correSpondmg
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fluctuations in the salinity of the surface water at the mouth of Massachusetts Bay,
and so may confuse the seasonal picture.

In 1925 the surface salinity remained close to the annual minimum at this local
ity for several weeks (perhaps this is always the case). A considerable increase was
then recorded (to about 32.3 per mille; p. 756); but if this is an annual event (which
is by no means certain) it is followed by a second freshening, for the surface records
for this region for July and August, in the several years of record, have averaged
only about 31.5 per mille (or 31.3 per mille, if one station for July, 1916, be included),
with 32.09 per mille as the maximum. The salinity then increases slowly through
the autumn and early winter, as just described (p. 799). Differences in circulation
may bring the surface to its saltest there as early as the last of December, as seems
to have happened in 1920 (p. 805), or not until well into March, as in 1913 (p. 808).
Comparison between the graphs for the Bay of Fundy (fig. 165) and for the mouth
of Massachusetts Bay (fig. 166) brings out the interesting difference that while the
surface salinity of the former continues comparatively constant throughout the year,
except for the period of 4 or 5 months that covers the vernal freshening and its
eclipse, the salinity rises and falls over a period of 8 or 9 months off Massachusetts
Bay, with only the winter describable as comparatively static.

The differences in salinity from season to season at the surface are so much wider
than the differences at any given season from year to year that inclusion of the lat
ter does not rob the composite graph (fig. 166) of its illustrative value. Annual
fluctuations, however, introduce a more and more serious source of error at greater
and greater depths, as the effects of vernal freshening from above become less and
less apparent, until the former may nearly, if not quite, equal the seasonal fluctua
tions at depths no greater than 40 meters. Consequently, a combination of the data
for different years gives a less trustworthy picture of the seasonal progression for the
deep water; and montWy data for anyone year, which would yield such a picture,
are yet to be obtained.

Nevertheless, when such data as are available are combined, by seasons, for the
40-meter level 16 a rather definite progression does appear, with values averaging 32.8
to 33.1 per mille for the cold half of the year (November through March), decreasing
to 32.6 per mille in April, 32.5 per mille in May, 32.3 per mille for July to October,
and increasing again through the early winter. While the 40-meter value was as
high there on June 16 and 17, 1925 (33.17 per mille), as any recorded for February
or March, this is the only record for the period July to October that has been higher
than the mean for the year (approximately 32.6 to 32.7 per mille). On the other
hand, only 1 of the 10 records for the period January to March has fallen appreci
ably below the annual mean.

The salinity of the 40-meter level, therefore, may be expected to vary by about
0.7 per ro.ille at the mouth of Massachusetts Bay during average years, being most
saline at about the same season that the surface is at its maximum (late winter), but
not at its freshest until two or three months after the salinity at the surface has
passed its minimum (in May) and begun to increase once more. However, the
unusually saline state of the water in this region in June, 1925, is sufficient evidence

I' November to January. 6 stations; February to March, 5 stations; April to May. 4 stations; June, FilA Hawk cruise 14 In
1925; 1uly to August, 6 stations; September to October. 2 stations tor the several years.
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OFFING OF THE MERRIMAC RIVER

that this progression may be interrupted by indrafts of water from offshore, or that
the seasonal schedule may vary from year to year.

The 100-meter salinities for this locality have averaged about 32.9 to 33 per mille
for the period February to July (extremes 33.8 and 32.5 per mille), with no definite
seasonal variation during that period. All but one of the determinations for the
period August to October have been appreciably lower (32.5 and 32.6 per mille) than
any for the rest of the year, however. An average seasonal varition of about 0.3
per mille is thus indicated at 100 meters, reflecting the extreme depth to which vernal
freshening from above is effective; but here,near its lower limit, this freshening does
not culminate until a month or two later than at 40 meters, or four months later than
at the surface.

The data collected so far fail to show whether any definite seasonal variation of
this sort can be traced at depths greater than 100 meters at this locality.

Closer to land, in Massachusetts Bay off Boston Harbor, vernal freshening
effects about as great a decrease in the salinity of the surface as at the mouth
from 32.1 to 32.2 per mille in March (of 1920 and 1921) to a.bout 31 per mille in
April and to about 30 per mille in May, followed by rather rapid recovery to 31 to
32 per mille through July and August. The lowest values have been recorded as
early in the year at 40 meters as at the surface (about 31.6 to 31.7 per mille, April
and May, 1920).

The truly remarkable extent to which the vernal discharges from the large rivers
govern the seasonal cycle of salinity in the coastwise belt of the gulf is illustrated by
the offing of the Merrimac. To the southward of the Isles of Shoals, in its train,
vernal freshening is as sudden an event and the decrease in the salinity of the sur
face is as great (by about 4 per mille) as in the Bay of Fundy (p. 808); but in
the trough between the Isles of Shoals and Jeffreys Ledge, only some 20 miles out
from the mouth of the river, the extreme range of salinity so far recorded at the
surface for the months of December, March, April, May, July, August, October, and
November 17 has been only about 1.2 per mille (31.6 to 32.8 per mille); nor does ver
nal freshening seem to culminate there until August-three months later than along
shore. Furthermore, its effect is so closely confined to the immediate surface here
that it has little effect at 40 meters and is not definitely reflected at aU in the records
for 100 meters or deeper where the salinity has proved virtually constant from sea
son to season and with but slight variations from year to year.

NEAR MOUNT DESERT ISLAND

The vernal freshening of the surface culminates at. about the same season near
Mount Desert Island as in the Bay of Fundy-i. e. late in April or early in
May.ls However, this sector of the coast is so much less affected by river water,
and so much more open to the offshore waters of the gulf, that the seasonal range

17 A total of 10 stations. .
II Although only 1:1 sets of salinities have been taken here, the fact that we have records for 6 consecutive lDonthl for 1915, and

that the other data are consistent with these, makes the graph a reliable picture of the cycle for the half year, May to October,
which covers the season when the greatest changes In salinity take place.
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of surface salinity is only about one-fourth as wide (about 1 per mille) as in the BaY'
of Fundy-half as wide as at the mouth of Massachussetts Bay. The surface off
Mount Desert then salts again slowly right through the summer and early autumn,
its salinity increasing from about 31.5 per mille on May 11,1915 (station 10275), to
to 32.66 per mille on October 9 (station 10328); and while we lack data fOf No
vember and December it is probable that the surface is near its saltest here during
the late autumn and early-winter,for readings for January 1, 1921, and March 3.
1920, were somewhat lower and almost precisely alike (32.3 and 32.2 per mille).

The seasonal fluctuation associated with land drainage is strictly confined to
tb,e superficial stratum off this open coast, probably because the more saline water
in the trough of the gulf tends to bank up along' this part of the coastal slope here
at all times of year. Thus the highest and the lowest salinities yet recorded at the
40-meter level near Mount Desert are only about 0,4 per mille apart (32.16 per mille,
July 19, 1915, station 10302, and 32.6 per mille, August 13, 1913, station 10099).
About the sa.me range and the same maximum and minimum values were recorded
near bottom at 80 meters, though the water at this depth proved most saline in
January (station 10497, January 1, 1921, 32.6 per mille); least so in May (station

-10274, May 10,1915,32.23 per mille).

GERMAN BANK

The seasonal cycle on German Bank appears from the following summary:

Date -I- '··1 sal;nity / s~inity 1Station at the at 40
surCace meters

Date

I I.
Salinity 1 Salinity

Station at the at 40
surface meters

Mar. 23,1920 •• . __. __
Apr. IS, 1920 • _
Apr. 28, 1919. • ._
May 7, 1915 _
May 30, 1919 _
June 19,1915 _

2OOS5
20103

'22
102'71

'38
10290

Per mille
132.60
32.74
31. 70
31.89
31.67
32.07

Per mille
32.63
32. 79
31.70
31. 94
31.70
32.10

Aug. 14, 1912 {
Aug. 12, 1913 . _
Aug. 12, 1914 _
Sept. 2, 1915 _

Per miUe Per mille
10029 }10030 32. 70 32.80
10095 32.75 32. 97
10244 32.84 32.90±
10311 32.23 32. 50

I Probably. , Ice Patrol station•

.A seasonal variation of at least 1 per mille is thus to be expected there, with
the whole column of water least saline sometime between the last of April and first
of June, _the exact date depending on the flow and ebb of the Nova Scotian current.
Data for this part of the gulf during autumn and winter are desiderata.

WESTERN SIDE OF THE BASIN

The extent to which the salinity of the basin of the gulf is affected by the out
rush of river water in spring depends more on the tracks of the latter than on the
distance offshore. Consequently, the eonsiderable variations that have been re
corded in the salinityof thesurface of the hasin in the offing of Cape Ann from summer
to summer no doubt reflect corresponding variations in the volume and direction
of the drift. from the north past Cape Ann.

In the summers of. 1912 and 1914 this drift appears to have been turned sharply
offshore by the jutting cape, so that the surface water of the neighboring parts of
the basin was about 1 per mille less saline in July and August than the mean value
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to be expected there in spring. In 1915, however, the surface freshened by only
about 0.5 per mille at that locality from May to June; and while salinity may have
fallen somewhat lower that July (when no observations were taken), it was about
the same there at the end of August (32.5 per mille at station 10307) as it had been
in June.

The available data 19 show the surface freshest here in July or August, or three
months later than at the mouth of Massachusetts Bay (p. 811), and not saltest until
May (p.745), when the coastwise belt is least saline, a seasonal difference associated
with the geographic location.

It is not possible to follow the seasonal progression of salinity in. the deeper
strata of the basin from the data at hand because the annual variations outrange
the seasonal variations even at as small a depth as 40 meters. I can only point out
that the 40-meter salinity decreased from 33.15 per mille on May 5, in 1915, to 33
per mille on June 26 and to 32.75 per mille on August 31, suggesting that vernal
freshening culminates later at this depth than at the surface, as, indeed, is to be
expected. At 100 meters the values for May, June, and August, 1915, all fell
close together (33.08 to 33.17 per mille); and the extreme range of variation so far
recorded at this level, for all years and seasons, has only been from about 32.5 per
mille to about 33.2 per mille in this part of the basin.

Pulses in the indraft of banl,{s water govern the salinity of the deeps of the gulf
(p. 848); and these are reflected in fluctuations from a minimum of about 33.5 per
mille to a maximum of about 34.1 per mille at the 200-meter level in the basin off
Cape Ann. However, as pointed out (p. 852), it is not yet known how regularly
periodic these fluctuations are, and if periodic, their exact seasonal schedule.

ANNUAL SURVEY OF SALINITY ON THE BOTTOM

The salinity of the bottom water of the gulf (interesting chiefly for its biologic
bearing) is determined in part by the depth and in part by proximity, on the one
hand, to the Eastern Channel and on the other to the coastline, with the outflow
from its rivers. It is also influenced by the Nova Scotian current and by the general
anticlockwise eddy that occupies the basin of the gulf. In inclosed sinks and bowls
the degree of isolation is the determining factor.

In summer and autumn the whole bottom of the open basin deeper than 175
meters has invariably proved salter than 33.5 per mille-salter than 34 per mille at
most places and on most occasions. In 1914 a maximum of about 35 per mille was
recorded for the southeastern part, out through the Eastern Channel (p. 785), but this
may have been a somewhat higher value than is usual for that situation. The state
of the gulf in the midwinter of 1920-1921 and in the spring of 1920, with the fact
that all but two out of 31 records of the salinity of the two arms of the trough
deeper that 175 meters have fallen between 33.8 and 34.5 per mille, irrespective of
the time of year, make it unlilmlythat its bottom normally experiences a variation
wider than about om per mille in salinity during the year, or from year to year, in
depths greater than 150 meters. Animals living on bottom in deep water in the gulf

.1'Thlrteen stations for the months of February, March, April, May, June, July, August, November, and December In var
ious years.
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therefore enjoy an environment that is virtually uniform in this respect from years
end to years end. The only exception to this rule has been the eastward of Cashes
Ledge, where we have found the salinity of the bottom water only 33.2 per mille in
May at a depth of 185 meters (station 10269), contrasting with 33.6 to 34 per mille
earlier in spring and in summer. .

Certain other regional variations in the state of the bottom water of the trough
also can be traced within more narrow limits. Thus, its eastern arm is usually
slightly less saline along the western slope than the eastern, independent of depths.
In the western arm, however, off Cape Ann, the salinity of the bottom water is more
directly a factor of the depth. The salinity on the intervening broken bottom has
usually been slightly below 34 per mille; once (in March, 1920) as low as 33.4 per
mille. A month later, however, it had risen to 34.18 per mille at this same locality;
and water of 34 per mille must overflow the irregular ridge south of Cashes Ledge
with some regularity, this being its only route to the basin to the west. An overflow
of this sort was, in fact, reflected by an increase in the bottom salinity there from
33.4 per mille on March 20, 1920, to 34.18 per mille on April 17 at depths of 175 to
200 meters (stations 20052 and 20114).

An unmistakable, if slight, increase in the bottom salinity, depth for depth, is
characteristic of the floor of the gulf from the inner parts of its two troughs
out to the entrance to the Eastern Channel, probably at all seasons.

We have found the bottom salinity of the depth zone between the 175 and 150
meter contours (narrow everywhere except north of Cashes Ledge) averaging about
33.6 per mille, winter and summer, ranging from occasional values close to 35 per
mille (or even slightly higher) at the deeper level to a mean of about 33.3 per mille
at the shoaJer boundary. No definite seasonal' variation is demonstrated in water
as deep as this, but the recorded variations, station for station, are associated with
the pulses in the inflowing bottom current (p. 690).

This depth zone is interesting, however, because it includes the isolated bowl
at the mouth of the Massachusetts Bay, the trough west of Jeffreys Ledge, and the
deeper parts of the Bay of Fundy, in all of which the bottom water is considerably
less saline than at corresponding depths in the open basin outside. In the most
nearly inclosed of the three-off Gloucester-the bottom water at any given time of
year is virtually uniform from a depth of about 100 meters (slightly below the level of
the inclosing rim) down to 170 meters.

Regional differences in salinity increase greatly at depths less than 150 meters
as the water shoals, depending on the geographic location, with the changes of the
seasons also governing the bottom salinity more and more, so that the picture
becolIles increasingly complex.

In the coastal zone between Cape Cod and Cape Sable the bottom salinity, at
depths of 100 to 150 meters, has been found to vary from 32.38 per mille to 34.11
per mille, according to depth, locality, and date. On the whole it averages lowest
in the bowl off Gloucester, in the trough west of Jeffreys Ledge, and in the Bay of
Fundy (32.2 to 33.2 per mille for this depth zone); highest on the northeastern
slope of the open basin near Lurcher Shoal, where we have had one bottom reading
as high as 34.11 per mille in water only 120 meters deep (stationo10245, August 12,
1914), with others of 33.4 to 33.8 per mille. The upper part of this depth zone also



PHYSICAL OOEANOGRAPHY OF THE GULF OF MAINE 817

shows the seasonal effects of land drainage and of the Nova Scotian current. Thus, we
have found the bottom of the Northern Channel freshening from about 33.6 per mille
in March, 1920, to 32.8 per mille in April at 125 to 135 meters, with 32.9 per mille
in July, 1914. Off I.Jurcher Shoal, where the bottom salinity has averaged about
33.7 per mille at the 100-meter contour in August and September, 33.5 per mille,
March to April, and 33.08 per mille on January 4, 1921, it was only about 32.3 per
mille at 90 meters on May 10, 1915 (fig. 108).

The bottom salinity of the northern and western sides of the gulf ranges from
about 32.3 to 32.5 per mille along the 100-meter contour in August to 32.5 to 33 per
mille in winter, according to the precise locality; and the 100 to 150 meter zone
along the northern slopes of Georges Bank (here only a few miles wide) is close to
33 per mille in spring, summer, and at the end of the winter, with no definite sea
sonal variation demonstrable from the observations taken there so far.

On the seaward slope of Georges Bank these depths include the so-called" warm
zone" (p. 530), the salinity of which has been sufficiently discussed in the preceding
pages. I need only add here that it varies from about 34 per mille to upwards of
35 per mille, hence is considerably more saline than the corresponding depths any
where within the gulf.

The zone included between the 40 and 100 meter contours is especially interest
ing because it comprises most of the important fishing grounds, both within the gulf,
on Browns Bank, on all but the shoalest parts of Georges Bank, the South Channel,
and the outer part of the continental shelf.

The bottom readings for July and August at stations so shoal have varied between
31.8 and 33.2 per mille around the western and northern slopes of the gulf, with 32
to 33.2 per mille on bottom in 40 to 140 meters at our June to August stations at
the mouth of Massachusetts Bay.

Close in to the western shore of Nova Scotia, Vachon's (1918) record of 31.09 to
32.33 per mille at 40 to 45 meters off Yarmouth show the bottom averaging some
what less saline, depth for depth, than in most other parts of the gulf. Bottom
salinities are also low off Cape Sable (32 to 32.3 per mille in 50 to 55 meters in July
and August, 1914). In the open Bay of Fundy, Mavor (1923) had 31.9 to 32.9 per
mille in depths of 50 to 100 meters in August, 1919, while Vachon (1918) records
bottom salinities of 31.13 to 32.4 per mille at 45 to 55 meteI;s in St. Marys Bay and
31.2 to 32.2 per mille in 40 to 70 meters depth in Passamaquoddy Bay in the sum
mer of 1916. It is an interesting question, for future solution, whether the bottom
salinity of Penobscot Bay and Frenchmans Bay is equally low or whether enough
water drifts inward along their troughs to maintain bottom salinities as high as off
the open coast.

Little change seems to take place in the bottom salinity of the 40 to 100 meter
depth zone along the northern slope of the gulf in autumn, winter, or March. Thus,
14 stations between Cape Cod and the Bay of Fundy averaged about the same at 25
to 80 meters in September and October (32.4 per mille) as in summer, with 4 stations
east of Cape Elizabeth averaging 32.7 per mille (extremes of 32.8 and 32.6 per mille)
in the midwinter of 1920-21 at 60 to 100 meters. The bottom values fOf this sector
in March, in equal depths, have been 32.4 to 32.5 per mille. Close agreement between
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the bottom salinity at 40 meters off Yarmouth on January 4, 1921 (31.3 per mille,
station 10501), and Vachon's summer records for that locality (p. 769) suggest equal
constancy as characteristic of the Nova Scotian side from late summer to midwinter.

Vernal freshening by the rivers and by the Nova SCotian current affects but
slightly even the shoaler part of the 40 to 100 meter bottom zone, as described
above (p. 750)-tbe deeper parts hardly appreciably (p. 752). In Mas3achusetts Bay
this event is reflected in a decrease in salinity by about 0.3 to 0.4 per mille from
March to May (p. 813), the Bay of Fundy (p. 809) and the eastern side of the gulf, as
exemplified by German Bank (p. 814), freshening somewhat more; but it is doubtful
whether any vernal freshening of the bottom water from this source is appreciable
along the sector between Cape Elizabeth and Mount Desert at depths greater than
100 to 120 meters, except close in to the mouths of rivers (p. 814).

At the end of the winter and in spring we have found the bottom water at this
depth varying from 32.5 per mille to about 33 per mille in salinity on the offshore
banks, also; and in some years (1916, for example) bottom salinities no higher than
this prevail up to the third week in July~perhapslater still; but in other summers
(typified by 1914) when slope waters creep in over the shelf during the first two
months of summer it raises the bottom salinity to 34 to 34.9 per mille along the
southern (offshore) edge of Georges Bank and on Browns Bank.

Tbe zone shoaler than 51:0 meters falls naturally into two divisions, the one
including the waters immediately fringing the coast line of the gulf, the other the
greater part of Nantucket Shoals and the shoals on Georges Bank. This zone
extends right up to tide line within the gulf, including the shoal bays and river
mouths; hence, its bottom water ranges in salinity from brackish, on the one hand,
to maximum values of about 32.9 per mille toward its lower boundary, on the other,
and experiences the full effects of seasonal freshen:ing. Very little attention has
yet been paid to the salinity of this zone around the open gulf; but our stations
in Massachusetts Bay in August, 1922, with the Canadian data for the Bay of Fundy
region, added to such other evidence as is available, point to about 31 to 32.5 per
mille as the usual limits to the bottom salinity at 10 to 40 meters depth in summer
and autumn all along the open shores from Cape Cod to Cape Sable, including
Casco Bay and the Bay of Fundy. Considerably low-er bottom salinities are to be
expected over this depth zone in estuaries into which large rivers empty; Vachon
(1918), in fact, has recorded values of 28.22 per mille to 31049 per mille at tbe
mouth of the St. Croi~ River, varying according to precise locality and stage of the
tide, with 31.14 per mille at 20 meters in Kennebecasis Bay and 30.2 to 32.6 per
mille at 20 meters at the mouth of the Annapolis River for September, 1916.

The zone from the surface down to a depth of 20 to 30 meters is the only part
of the bottom of the gulf that experiences a wide seasonal fluctuation in salinity
from the vernal freshening of the surface stratum from the land and from the vernal
expansion of the Nova Scotian current. In this shallow water, however, the change
in salinity from autumn and winter (when it is near its maximum) to May (when,
generally speaking it falls to its minimum) is so wide that the bottom fauna must
either he comparatively indifferent to the salinity of the water or able to carry out
bathic migrations sufficiently extensive to escape them.
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No bottom samples have been colleoted on the shoal parts of Nantucket Shoals,
but neighboring stations suggest 32 to 32.5 per mille as the probable values there at
20 to 40 meters for the summer, autumn, and winter-perhaps slightly lower in
spring.

ALKALINITY

It has long been known that under normal circumstances sea water is invari
ably a very slightly alkaline solution. Within the last few years attention has been
attracted to the seasonal and regional variations in the precise degree of alkalinity
in the sea by the probability that this feature of the aquatic environment may be
one of the controlling factors in the biology of marine organisms, especially of the
unicellular planktonic forms. Seasonal changes in this respect also afford a possible
measure of the activity of diatom and other plant flowerings, and thus of the inten
sity of life processes in general in the sea, because marine plants increase the alka
linity of the sea water as they draw carbon from the bicarbonates in solution.

This whole question is exceedingly technical; so much so that no convenient
measure for alkalinity has yet been devised, the meaning of which would be obvious
to anyone who had not devoted some attention to the subject. Salinity, for exam
ple, is expressed in percentage or per thousand (the more usual terminology), tem
perature in degrees-expressions sufficiently familiar to be readily understood. The
degree of alkalinity, however, usually is stated in terms of the concentration of the
hydrogen-ion, which can hardly be expected to bring a concrete image to the mind
of anyone not a trained chemist. Perhaps to the marine biologist or to the ocean
ographer who is not a trained chemist the following quotation in non-technical lan
guage may help to clarify the matter:

The unit of hydrogen-ion concentration is 1 normal hydrogen-ion per liter of water, or about
1 gram of hydrogen-ion per liter. The finest distilled water contains only about 1 gram of hydro
gen-ion in 10,000,000 liters of water at about 22° C., and thus its hydrogen-ion concentration is
about 10-7• Sea water, however, is alkaline and contains only about a tenth this concentration of
hydrogen-ions. (Mayor, 1919, p. 157.)

The symbol" pH" was invented by Sorensen (1909) and has since been widely
adopted to avoid the necessity of writing negative exponents, the notations added
thereto being-stated in the baldest possible terms-the logarithm of the reciprocal
of the true hydrogen-ion concentration.20 Therefore, the larger the number of pH
the less acid or more alkaline is the water, pH 7 being about neutrality, anything
below that acid, and anything above that alkaline.

Determinations of the alkalinity of the sea water can be carried out with little
difficulty at sea by the colorimetric method.21

The colorimetric tubes used on the Albatross in 1920 and on the Halcyon were
prepared especially for us by Dr. A. G.Mayor and used as prescribed by him
(Mayor, 1922, p. 63). These give correct readings for pH if the salinity be 32 to 33
per plille, but for higher salinities every additional 1 per mille of salinity requires a

10 For a fuller explanation of the reason for expressing the hydrogen-ion concentration by the term pH, rather than directly
see Mayor (1919 and 1922), Clark (1920), and Atkins (1922). .

11 McClendon, Gault, and Mulholland (1917)and Mayor (1919) give details as to the preparation and use of the comparator
tubes for rough and ready use at sea.
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correction of· - 0.01 of pH, and a correction of + 0.01 for every 1 per mille by which
the salinity falls below 32 per mille, thus:

Salinity. per mille Correction to pH
29 - - - - - - - - - - - -_ - - - - +0. 03
30 +0.02
31 ~ +0.01
32-33 -- _- -- __ ._____ 0
34 -0.01
35 ~ -0.02

For use on shipboard, where conditions of light and shade are not always of the
best, and where the lurching of the vessel may make it difficult to handle delicate
apparatus, a dark comparator box, in which three tubes can be inserted-the sea
water to be tested and a standard on either side of it-much facilitates the comparison
of slight differences of color. We have made the following series of determinations
from the Albatro88 and Halcyon. Accuracy can be expected to ±0.05 of pH, my
experience corroborating Mayor's (1922, p. 65) statement that differences as small
as 0.03 pH can be detected with the particular colorimetric tubes employed.

Albatros8 station8

42·,20' N. by 70· 40' W •• Mar. 10 Surface _

:l~:_~~_~!.~~~_~:_~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ {~~~.~~~~ :~~iff~~~~~~~~~~~~~~l~~~~.
20064 ---------.-••-------.------------.-••••----..-----.-t do . 330meters

~~~~~~~~~~~~~~;=~;~-~:~~~:I:I:III-II:~II
::~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t[{~.:~: -£~IgI~~~~~~~I~I~~~~~~~~,=: ~~~:~~~~~~~:::~:~~:~~~~:~~~~~~~:~~:::~~~:~~~~:::~::: {~~:_~_ -~~e~~:::::::::::::=:::::20083 • Of_f. ••• _.__ • -----.------ do do • •__ • _
20085 __••• ._•• • ._.__••__•••_ ••_. do _. __ •__._do •__• __ ~ .- ._

20109 -------------.-.-.-.-.-.-••----.--.---------••--.--- {::~~ :::: ~~r::ers:::::::::::::::::::

Station Date Depth pH Sallnlt~. Tem~'
corrected per mil e ature ·0.

------
7.9 32.00
7.9 32.43 2.22
7.9 32.66 2.22
7.9 32.61 3.61
7.88 34.61 4.63
7.9 82.84 3.6
7.98 34.78 4.02
7.9 32.63 3.61
7.9 32. 69 2. 73
7.9 32.57 3.33
7.9 32.59 3.58
7.9 32. 68 3.06
7.9 32. 79 2.80
7.9 32.65 8.33
'7.9 33.86 4.40
7.89 34.23 4.92
7.9 32.83 3.33
7.88 34. 92 8.77
7.9 32.44 2.22
7.9 32.09 1.39
7.9 33.69 4.68
8 31.80 .56
8 33.21 3.76
8 32. 45 1.96
7.9 32.56 2.50
7.9 33.31 4.29
7.9 32.59 2. 67
7.9 32.17 1.95
7.9 ----3i-49- 2.50
7.9 3.05
7,89 34. 22 6.06
7.96 31.25 3.05
7.9 32.36 3.33
7.9 32. 48 2.25
8 • 31.97 3.33
7.94 31.01 3.05
8.02 30.07 3.05
8.02 29.94 2.78
7.95 32.39 3.05
7.99 31.46 3.61
7.9 32. 74 3.89
7.9 32.32 3.05
7.9 32.34 3.33
7.9 32.58 4.17
7.9 33.06 3.75
7.9 32.66 4.17
7.88 34.64 6.47
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Albatross stations-Continued

821

Station Date Depth pH S81IDltYjTemper·
corrected ,per ID:llle Ilture '0.

20112 •••••••••••••••••••••••••••••••••••••••••••••••••••• Apr. 11 Sorface •••••••••••••••••••••
20113 ••••••••••••••••_ ~•••••••••••• {·A:~·ir :::::~~::::::::::::::::::::::
20116 •••••••••••••••••••••••••••••••••••••••••••••••••••• do 19Smeters
20117 ••••••••••••••••••••••••••••••••••••••c••••••••••••••::do :::: Surface ••:::::::::::::::::::
20118.............................. •••••••••.•••• •••••••• Apr. 20 •••••do ••••••••••••••••••••••
""121 {May 4 •••••do ••••••••••••••••••••••
IN •••••••••••••••••••••••••••••••••••••••••••••••••••• {dO 60 meters

~~·~:~~~:·..·~~:···EI~~/~~··~~.~~.: !Ii~ 1111~:III:1111
"'''..--...----.--_...---..--.....--------·----------1 ,. ·~m"",

::~:~~::~~:~::~~~:~:~:~~~~~~~:~~~~~:~~~~~~~Id!f~~ ~~~~~~~:~~~~~~~~
Halcyon stations

7.9
7.9
8
7.9
8
8.05
8.18
8.16
8. 19
7.9
8.02
7.9
7.93
7.9
7.92
7.9
7.9
7.9
7.9
7.9
7.9
8
7.9
7.88
8

32: 64
32.50
32.14
33.91
31. ff1
31.65
29.08
32. 24
28.26
32.38
29.94
32.18
29.87
32.46
30.26
32.21
31.53
33.49
31.89
32.98
32.98
32.50
32.61
34. 72
33.17

8.81
8.33
8.81
US
8. 61
4."
6.M
2.39
7.22
2.30.
8.811
2.36
9.72
2.66
9.11
4.04
8.38
4.10
7.22
3.80
7.78
5.04
7.78
8.28

12.22

Stetlon Date t pH SaUnlly, Temper·
Dep h, meters corrected per mille atore, ·0.

~----~-~-~--~~----t--~--I-----~I·-~~-'--'---
7.9
8
8
8
1.9

31.82
31.29
31.21
32. 37
31.09

8.811
17.80
18.00
4.50
1~80

On March 25 and 26, 1919, Mayor (1922) found the alkalinity to be as follows
at several stations between Cape Ann and Yarmouth, Nova. Scotia: 22

Locality pH
corrected

Salinity, Tempera-
pllr tore,

mille ·C.

-------------------_._------- ---------
l~ :~:~~ ~~~Wartio;:::~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
Near Cashes Ledge •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••
32 miles 011 Yal'Dlooth •••••••••••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••.••••••••
8 miles oft Yarmooth .

8.04
8
8
7.96
7.06

31.75
32.04
32.56
31.46
31.67

4.3
4.2
3.6
2.2
1.4

Henderson and Cohn (1916) found the alkalinity of several Gulf of Maine Ram
pIes to vary from pH 8.031 to pH 8.102.

Off the Atlantic coast of the United States, between New York and the Tortu
gas, Mayor (1922) has reported a range of pH from 7.95 to 8.23, noting a character
istic difference between the gray-green coastal water, with a pH of about 8, and
the deep blue gulf stream outside the edge of the continent, with apH upward of 8.2.

The pH as tabulated above shows the Gulf of Maine to fall among the less

IIFor general summaries of the mtiasuremente of pH that have been made In varioos seas, _ Clark (1920), Atldns (1922),
and Palltzach (1923).
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alkaline seas, as might have been expected from its comparatively low salinity and
temperature. Within the gulf, however, the pH from station to station does not
correspond to the differences in salinity or in temperature; neither have I been able
find any definite parallelism between the pH and th~ abundance of diatoms-cer
tainly no decided. rise even at the times and stations when these pelagic plants are
flowering most freely. In short, the volume of water is too large and its circulation'
too free for any given flowering to reflect its active photosynthesis by an appreciable
local rise in pH.

The fact that in Ma.rch the deeper of two samples was in several cases the,
more alkaline, but that in May the reverse was true, may be significant, the phyto
pla.nkton being most abundant in the well-illuminated strata near the surface. It is
not improbable, also, that a larger number of observations carried out through the
the year would reveal a seasonal· fluctuation of pH, with the maximum in early
spring and summer following the vernal flowerings of diatoms and the summer mw
tiplication of peridinians, such as occurs in the Irish Sea 23 (Moore, Prideaux, and
Herdman, 1915; Bruce, 1924).

VISUAL TRANSPARENCY

Measurements of the transparency of the water were taken at 18 stations dur
the summer of 1912 with the ordinary "Secchi" disk-a metal plate 14 inches in
diameter,painted white, and rigged with a bridle, so that it hangs horizontal. This
isviewed through a water glass 24 while being lowered, and the depth at which it
disappears from view is recorded.

In the clearest water the disk was visible to 8.2 fathoms, but at most of the
stations it, disappeared at 4 to 5 fathoms~ Local variations in transparency did not
parallel the variations in color (p. 823), for while the water was most transparent
when bluest, it was not least ~o where greenest, but .where the percent.age of yellow
was only 20 (station 10038).

The transparency does not measure the penetration of sunlight, for water
cloudy with silt or with diatoms may still be translucent, like ground or opal glass,
though transparent to only a small degree.

Transparency, in meters

10031 7.3
10036 7.3
10037 7.3
10038 5.5
10039 11
10040 9.1
10043 9.1
10044 9.1

Station Transpar.
encyDate, 1912 Station ITranspar-I Date, 1912

eney !
------------1--- ------

100041 6. 4 Aug.. 15 __ . : ._. _
10011 11 Aug. 20 ," _
l0012b 11 Aug. 21. . • ._----~-.

10014 11 Aug. 22. , • _
10015 8. 2 Do•• _. • •• _
10016 6.4 Aug. 24.. ,
10022 13 Aug. 29 • • . __.._
10023 15 Aug. 31. c, . . • _
10025 12

§gI~ g:::::::::::::::::::::::::::::::::::
§~l~ ::::::::::::::::::::::::::::::::::::July 25. _. •••_." • . _
July 26_ ._. ; __.. ~; . •
Aug. 7 ._. .__. _

Do __ • • " _
Aug. 8 ••• •• •__• . _

II See Nelson (1924) fot an 8I'-countof rapid diurnal variations of pRln the estuarine waters of New JerSey.
" The use oC the water gl8S11 ~ I1eoossary to escape the eJfect OC refiectlQlls Crom the surface.
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The color of the gulf was measured by percentages of yellow 25 during the sum
mers of 1912 and 1913.

As is well known, the water is, as a whole, bluest outside the edge of the conti
nent, greenest alongshore. With only 2 per cent yellow, the water at our outermost
station off Nantucket on July 8, 1913 (station 10060), closely approached the pure
sapphire blue characteristic of the so-called "Sargasso Sea," of the Mediterranean,
and of certain regions in tropical Indian and Pacific Oceans. In our experience the
water has never shown as small a percentage of yellow as this anywhere inside the
edge of the continent, though with only 5 per cent of yellow off Nantucket Shoals on
July 9, 1913, evidently only a slight overflow of tropic water would have been required
to produce very blue water. This is the minimum percentage of yellow so far
recorded for the Gulf of Maine proper, and three stations for 1913 point to 9 per
cent yellow as about normal for the central basin of the gulf.

At the other extreme, we have invariably found the percent/l.ge of yellow great
est (27 to 35 per cent) in the coastal belt along the shore of Maine, out, roughly, to
the 100-meter contour, with secondary smaller but very green areas (27 per cent of
yellow) along the outer side of Oape Cod and in the German Bank region. The
greenest water 80 far recorded has been in Oasco Bay, though inclosed locations
probably would prove equally green all around the coast line of the gulf. In the
western, northern, and eastern parts of the gulf, including the Massachusetts Bay
region on one side and the waters off the Bay of Fundy and west of Nova Scotia
on the other, the percentage of yellow has usually ranged from 14 to 20.

The Gulf of Maine, like most coastal boreal waters, thus falls among the greener
seas, its ,color agreeing fairly well with that of the English Ohannel and with the
coast water of the Bay of Biscay (Schott, 1902, pI. 36). However, as I have noted
in earlier publications (Bigelow, 1914, p. 81; 1915, p. 225), the distribution of color
does not exactly parallel either the temperature or the salinity, for while low salin
ity is reflected ina high percentage of yellow, the most saline part of the basin has not
been the bluest. The true key to local variations in color within the gulf is to be
found more in variations in the density and character of the plankton and in the
amount and nature of the silt which the water holds suspended.

The records for the two years combined show that the color of the gulf changes
but little from July to August or from year to year at that season. No measure
ments of the color have been made at 'other times of year, but a browner hue is to
be expected alongshore when diatoms are flowering actively in spring.

, IIThe 'color of the sea usually Is measured by the" Forel" scale, based on a combination of blue and yellow, the former being
5-gramcopper 1lffiI(\0niasnlphate + O. 5 CUbic centhneter ammonia in 95 cubic centhneters water; the latter 15-gram potassium
chromate in 100 cubic centimeters of water. The combinations used are as,follows:

1 2 3 4 5 6 7 8 9 10 11 12 13
Per cent blue__ ,, .-----,------------------------- __ .c_ 100 98 95 91 86 80 7365 66 46 35 23 10
Per cent yellow ~ : 0 2 5 9 14 20 27 35 44 54 65 77 90

Various comparators, have been devised for use On shipboard. For descriptions of the method employed on the Grampua
see Bigelow, 1914,p. 38.
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General locality 1

Color ID
Station percentare 01

yellow
1-------------------------.,--.,---------

1912JUly 10 Off Gloucester .. • • . ._________________________________________ 10002

fA ~fta~~~~~ee::;bOr:::::::::::-.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~:=

!i ~rf~~~1r~~:~ii~~i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ !mi
~! -~~;~~~f~~f~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ii!~

'Qol~i~)!!::::"~:·!:~·!!!:;~;!:lli~~:o·;:~·;;~!!·:;~~:~·!~;!~!:~.~..~.~~ ····!i
~ gW~~fl~~:~~~~~!_~::::::::::::::::::::::::::::::::::::: ::::::.:::::::::::::::::::::::::::::::: ~~8 Near Seguin Island • .. • e_. .____ l0026a

14 Basin South or Mount Desert . . .___________________ 10027

~~ . ~~~~:~~~~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~~
~g g~ t:u~~~~rJ~~~hioCk:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~~16 Off Machias, Me __• • ._. •• •• • • e •• _ •• 10033
19 West end, Grand Manan ChanneL._. .__________________________________________ 10035

~ ~~~gM'o~c~~~~:slaiid:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~~~21 011 Isle au Raut • •__• • . •__•• __• •••• •• •• 10038

20
20
20
14
il
14
20
20
'tl
27
'11
'11
35
t4.
20
27
27
27
If
20
20
20
20
20
20
:If
:If
36
20
20
81
20

1913

July f ~~~~~El~~~et~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
10 Contmental edge, 011 Nantucket Shoals . . •__ . • ._. _

Aug. 4 011 Chatham, Cape Cod ._._. •__ . • _. • .------.--.--_-------

g gg a~~~:s"le~~~__~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::10 Center or basln . e • •• e ~ _

11 Offing or Penobscot Bay e • __ • ••• • __ • - ._. • • _

11 East side or basin e ••• • • • __

12 do ._. .__ . . __ . ._•. • '••--------------.--- _
12 German Bank "__ •. . - • . . _
12 011 Lurcher Shoal. • • •__• , •• . e _ • • _

13 011 Machias, Me • ••• . • ••__• .._._•••• _

g ~::~ ~~~~~ B::~~ ~'k~:::::::::::::::::::::::::::::::::::.::::::::::::~__::::::::::::::::::::

U1-;gS1i;~~r~0af.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

10057
10058
l00li9
10060
10061
10085
10086
10087
10090
10091
10092
10004
10095
10096
10098
10099
10100
10101 ,
10102
10104
10105

27
8

20
6
2

tI
27
14
8,

27
27
20
20
27
tI

~

=
SOURCES FROM WHICH THE GULF OF MAINE RECEIVES ITS

WATERS

In few parts of the world is the coast water that bathes the continental shelf as
sharply demarked from the oceanic water outside the edge of the continent as it is
off the east coast of North America, from the Grand Banks on the north to Cape
Hatteras on the south. Not only is the former much colder and much less saline
than the latter, but the transition from the one type to the other is often remarkably
abrupt. To see the warm sapphire blue of the so-called "Gulf Stream" give place
to the cold bottle-green water over the banks is a familiar spectacle to marinerS
sailing in from sea. While it is unusual to meet as abrupt a transition as Smith (1923,
pI. 5) describes for one occasion (March 27, 1922) south of the Grand Banks, where
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the water (lhanged from a temperature of 1.1° to 13.3° C. (34° to 56° F.) within
the length of the ship, and where the line of demarkation between the two waters
was made plainly visible on the surface by ripplings, the transition zone from the
one to the other is usually compressed within a few miles abreast the Gulf of Maine.

The general characteristics of the coast water in boreal latitudes have been
well described by Schott (1912) and are matters of common knowledge. I need
merely state here that mean annual surface temperatures lower than 15° and mean
salinities lower. than about 33.5 per mille may be so classed, as distinguished from
the much warmer and more saline (35.5 per mille) tropic water, which is commonly
(though rather loosely) termed" Gulf Stream II as it skirts the North American
plateau.

In discussing the sources of the sector of the (loast water included within the
Gulf of Maine, it will be convenient to consider the upper and lower strata separately,
for it is now proven they they draw chiefly from different sources.

SUPERFICIAL STRATUM

NOVA SCOTIAN CURRENT

Until detailed study of the physical characters of the coast water off northeastern
North America was undertaken by theUnited States Bureau of Fisheries, the Museum
of Comparative Zoology, and the Biological Board of Canada, a northerly source was
usually ascribed to the coastal water all along the seaboard of Nova Scotia, New
England, and much farther to the south. This, in fact, has been described, time out
of mind, as the" Arctic current." As I have remarked in an earlier report (Bigelow,
1915, p. 251), "almost all the ocean atlases show something of this sort; and it has
been accepted in one form or another in almost all the textbooks on physical
geography and oceanography (for example, Maury, 1855; Reclus, 1873; Attlmayr,
1883; Thoulet, 1904; Krummel, 1911; Schott, 1912; the German Marine Observ
atory (Deutche Seewarte, 1882), the current charts of the United States Navy
(Soley, 1911), and the Briti!'lh Admirality (1897) current chart.)11

The low temperature of the surface water near shore, contrasted with the" Gulf
Stream" offshore and with the oceans as a whole at the latitude in question, natu
rally suggests a northern origin until analyzed in relation to other factors (p. 686).
Ostensible evidence to the same effect is afforded by the continuity of the cold zone
all along the northeastern coasts of North America, with its mean temperature grad
ually decreasing from the south toward the Newfoundland-Baffins Bay region in
the north. The southwesterly drift that has been reported repeatedly along the
coasts of the northeastern United States and Nova Scotia argues in the same direc
tion; so, also, the extension of a generally boreal fauna southward and westward as
far as Cape Cod, with planktonic communities of this category spreading still farther
in this direction in winter.

The observations on the temperature, salinity, and circulation of the gulf, detailed
in other chapters, do, in fact, prove beyond reasonable doubt that water from
the northeast (low in temperature) does flow past Cape Sable into the Gulf of Maine
for a time in spring, sometimes into the summer. Before considering what part this
actually plays in the Gulf of Maine complex a few words may well be devoted to its
probable source.
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Up to 1897 the supposed coldness of the coastal water along North Arriencain
general, and any definite evidences or reports of a current from northeast to south
west in particular, were usually classed as southward extensions from the Labrador
Current. Without much'analysis'this Arctic stream was generally thought to flow
down from the Grand Banks region, past Nova Scotia, and so southwardalong the
whole eastern seaboard of the United States, carrying to New England the cold
resulting from the melting of ice (floe and berg) in Baffins Bay or about the Grand
Banks. Some such southerly branch of the Labrador Current is taken for granted
in most of the older textbooks, charts, and discussions of North American hydrog
rn,phy. Thus Libbey (1891, 1895), in his studies of temperature south of Mn,rthas
Vineyard, definitely identified as such the cool band that he recorded along the con
tinental edge in the offing of southern New England. This view was widely held
until recently. Sumner, Osburn, and Cole (1913, p. 35), for example, state, on the
authority of the United States Navy Department, that the Labrador Current flows
from the Grand Banks past Nova Scotia and so southward as far even as Florida,
narrowing from north to south. Krummel (1911) believes the polar water tends to
drift southwestward across the Grand Banks and so to Nova Scotia. Engelhardt
(1913, p. 9, chart B) did not doubt that the Labrador Current bathes our coasts at
least as far as the Gulf of Maine. Johnston (1923, p. 271) describes it as hugging
the coast of North America from Halifax to Cape Cod; and as recently as 1924 Le
Danois (1924, p. 14) wrote of the "dernieres eaux du courant du Labrador qui
longuent la c6te des Etats Unis."

On the other hand, Verrill (1873, p. 106; 1874), in the early days of the United
States Fish Commission, had maintained that the actual temperatures of the deep
strata of the Gulf of Maine did not suggest the effects of any Arctic current, though
he qualified this generalization by adding that the gulf receives accessions of cold
water, ultimately coming from the north, by the tides.

It is obvious that for the Labrador Current to follow the track usually ascribed
to it implies a dominant cold drift setting southwestward from the Newfoundland
Grand Banks region across the oceanic triangle that separates the Newfoundland
from the Scotian Banks, and so in over the latter toward the coast; but although a
current of this sort is represented on many charts, its supposed extension westward
from the Grand Banks to Nova Scotia seems to have been based more on theoretic
grounds (the assumed necessity for connecting the cool coastal water to the south
ward with the Arctic flow from Baffins Bay) than on direct observation. Schott
(1897), who first attempted a detailed study of oceanography of the Grand Banks
region, also failed to find any dominant set from northeast to southwest across
the banks,in spite of the proximity of the Labrador Current, which has long been
known to skirt their eastern edge and sometimes to round the so-called" tail of the
bank" for a short distance westward and northwestward. He did, it is true, record
sporadic movements of this Arctic water in over the banks, but he believed them
too small in volume and too irregular in occurrence to be anything .but temporary
surface currents caused by the northeast winds, which often blow fresh there. His
conclusions were based on so many records of temperature and on· measurements of
the current taken from fishing vessels lying at anchor on the banks that· they form
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\the· fo undation .for more moderh. knowledge of the characteri$ticsof. the Labrador
.Current in the Grand Banks region'.26

Schott's chief thesis-that the most southerly bounds of the Labr~dor Current
as a definite stream flow lie not far south or west of the "tail" of the Grand Banks
has been .corroborated by the extensive oceanographic observations takenyearly hy
the International Ice Patrol since 1914 (Johnston, 1915; Fries, 1922' and 1923;
E. H.Smith, 1922 to 1927; Zeusler, 1926), both in the region of the banks and in the
oceanic trianglehetween the latter and Nova Scotia; also by the drift-bottle experi
ments.carried out by the Biological Board of Canada (Uuntsman, 1924).

The data gathered by the Ice Patrol are especiallyinstructi"9"c in conn.ection
with the Gulf of Maine, both because of their extent and because especial effort has
constantly been Jl?ade tochart any extensions of the Labrador Current thatmight carry
bergs toward the west or southwest-extensions usually easily traceable by their icy
temperature, even if carrying no bergs with them at the time. Furthermore, the.oper
ations of the patrol cover the part of the year '(March to July) when the Labrador
Current is greatest in "9"olumel1S it flows southward and lowest in tem:f>erature
hence, when it would be most likely to reach the coast line of Nova Scotia or the
Gulf of Maine, if it everdoes so. .

So many oceanographic sections have now been rUn in various directions from
the tail of the Grand Banks by the patrol in various years,and between the
banks and Halifax, with so careful a record ofall bergs since 1911, whether actually
sighted by the patrol cutter or reported by other ships (E. H. Smith, 1924a, chart M),
that it is hardly conceivable that any considerable or constant flow of icy cold water
from the Grand Banks region toward Nova Scotia could have escaped attention
during the seasons covered.

Actually, however, not a single phenomenon of this sort has been encountered
during all the years of the patrol. Thus, Johnston (1915, p. 41), in his report on the
operations of 1914, definitely states that" as a stream, Labrador water never gets
west of Grand Bank"; consequently, that the name" Labudor Current," as applied
to the cold water along the eastern coast of the United States, is a misnomer. .Fries
(1922, p. 73), in discussing the oceanographic observations during the patrol of 1921,
also failed to find any evidence of the Labrador Current continuing westward from
the Grand Banks toward the Gulf of Maine. With the accumulated data of succes
sive years, E. H. Smith (1923) describes the Labrador Current as usually reaching its
farthest boundary on the south and west, somewhere between latitude 42° and 43°,
longitude 51 ° and 52°, where it eddies sharply to the eastward. A similar account
has recently been given by the Hydrographic Office, United States Navy (1926). As
this was the case during the spring and early summer of 1923 (a year that may be
classed as normal, both in respect to the number of ice bergs that drifted down to
the tail of the Grand Banks and to temperature), and again in the ice-free season of
1924, E. H. Smith (1924a, p. 144) seems fully justified in his conclusion that when the
Labrador Current recurves westward around the tail of the banks this is " the extreme

,. Schott (1897) descrlbed small amounts of polar water as turning westward past Cape Race along the south coast of New
foundland, to enter the Gull of St. Lawrence via the northern side of Cabot Strait, where an inflowing current (i. e., setting
west) has often been reported. More recent stUdies, however, have made it seem nnlikely that it extends so far.
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southern extension of the cold polar water." 27 Observers who have actually studied
oceanographic conditions first hand in the Grand Banks region are unanimous to this
effect.

The evidence of temperature and salinity on which this general thesis rests is
set forth in detail in the successive reports of the patrol (see also Bjerkan, 1919;
Le Danois, 1924, p. 40, and 192480, p. 46) and need not be repeated here. I need only
point out that any branch of the Labrador Current that might flow southward from
the banks would not only be betrayed by its temperature and salinity (p. 829) but
it would doubtless carry bergs with it in greater or less number from time to time.
Actually, however, not a single berg (except small ones drifting out from the Gulf
of St. Lawrence) was reported west of longitude 55° during the period from 1911 to
1924, very few west of longitude 52°, whereas some hundreds came drifting down
along the east slope of the Grand Banks during that period (see E. H. Smith, 1924,
chart P, showing distribution of ice bergs from 1911 to 1923).

The results of the drift-bottle experiments carried out in eastern Canadian waters
within the past few years by the Biological Board of Canada have not yet been
published in detail. However, Dr. A. G. Huntsman kindly supplies the informa
tion that they give no more suggestion of a definite stream from the Grand Banks
toward Nova Scotia than do the temperatures or ice drifts just discussed.28

In short, no actual evidence of such a current is forthcoming from recent inves
tigations, but the reverse. I have no hesitation, therefore, in definitely asserting
that the Labrador Current does not reach, much less skirt, the coast of North Amer
ica, from Nova Scotia southward, as a regular event, corroborating Jenkins's (1921,
p. 166) statement that it does not reach the coast of the United States. Conse
quently this is not the direct source of the cold current that reaches the Gulf of
Maine from the east. If overflows of the Labrador Current do take place in this
direction they are of such rare occurrence that no event of this sort has yet
come under direct scientific observation.

AsHuntsman (1924, p. 278) points out, a certain amount of the water flowing
down from the Arctic may move westward and southwestward along the slope of
the continent as a constituent of the slope water (p. 842), so much warmed, however,
en route, by mixture with tropic water that if it reaches the Gulf of Maine at all it
does so as a warming and not as a cooling agent, and on bottom, not at the sur
face. Labrador Current water in small amount may also reach the gulf indirectly
via the Gulf of St. Lawrence route, shortly to be discussed; but if so, its distinguish
ing characters as an Arctic current are lost, and· it becomes one of the constituents
of a coastal current.

The physical characters of the cold band of water that hugs the outer coast of
Nova Scotia also forbid the idea that it draws direct from the Labrador Current.
According to the observations by the Scotia (Matthews, 1914), the records of the
Canadian Fisheries Expedition of 1915 (Bjerkan, 1919), and the much more exten
sive data that have been accuqmlated during the years of the Ice Patrol, the

J7 The reader Is referred to Smith's chart (1924a, sketch 10, p. 150) for the normal distribution of the Arctic water around the
banks In the spring and early Bummer; also to his general scheme of circulation In the vicinity (If the taU (Smith, 1924a, p. 136) •

IIHuntsman's chart (1924, fig. 32) showing the complexity of the ch'culatlon between Nova Scotia and Newfoundland
Includes the most outstanding results of these experiments.
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unmixed Labrador Current (temperature below -1°) is colder than the coldest
outflow from Cabot Strait, or than the coldest water over the Scotian shelf, which
have never been found to fall below - 0.5° in tempera.ture. The evid~nce of salin
ity, of like import, is even more instructive in this respect, for the undiluted Labrador
Current off the Grand Banks is considerably more saline than the cold water. next
the Nova Scotian. coast, being characterized by a salinity of at least 32.5 per mille,
while its surface salinity hardly. falls .below 32 per mille even along its inner edge,
where most influenced by draina.ge from the land (minimum so far recorded about
31.9 per mille; Matthews, 1914). .

"From this," as I have stated elsewhere (Bigelow, 1917, p. 236), "it appears that
did any considerable amount of unadulterated. Labrador water join the Nova Scotia
coast curr.ent, the temperature of the latter would be lower, its salinity higher, than
in Cabot Straits" ; whereas both the temperature and the salinity of the cold band
skirting the Nova Scotian coast have proved remarkably uniform, from the straits
westward to its farthest extension. It is true that an infusion of Labrador Current
water (spreading westward from the Grand Banks region) might join the Nova
Scotian coast water without lowering the temperature of the latter did it mix suffi
ciently with the warmer water, which it must needs displace en route, to raise its
own temperature by 1° or more. Such a mixture, however, would necessarily raise
its salinity as well as its temperature, because the water that normally fills the deep
oceanic triangle between the Scotian and Newfoundland Banks is considerably more
saline than the Labrador Current, a fact amply demonstrated by repeated profiles
run by the Ice Patrol and by the Canadian Fisheries Expedition (Bjerkan, 1919).
Hence, if any large amount of such mixed water joined the cold Nova Scotian coast
current, the salinity of the latter would be made considerably higher than it actually
is, so that salinity would betray the event even if temperature did not. Actually
nothing of the sort has been recorded, observations taken by the Grampus, the
Canadian Fisheries Expedition, and the Ice Patrol uniting to demonstrate that low
salinity is as characteristic of the cold band next Nova Scotia as low temperature is.
However, the temperatures and salinities taken by the Acadia in July, 1915 (Bjerkan,
1919), make it at least highly probable that isolated offshoots, pinched off as it were
from the Labrador Current, do occasionally drift westward as far as the continental
slope off Banquereau Bank and Cape Sable. Otherwise it would be difficult to
account for the pool of icy water (-1.7°) then reported off Sable Island-a pool
both colder' and more saline (32.82 to 33.08 per mille) than the oqtflow from the
Gulf of St. Lawrence, but which reproduced the coldest water of the Newfoundland
Banks in its physical character.

These several lines of evidence forbid the possibility that the Labrador C\lrrent
is directly responsible for the low temperature of the cold water that reaches the
Gulf of Maine from the east. Water from the Labrador Cqrrent may reach the Gulf
of Maine indirectly. via the discharge from the Gulf of St. Lawrence, fora certain
amount of this Arctic water may enter the latter along the northern side of Ca.bot
Strait. Huntsman's (1925) recent survey of the Straits of Belle Isle points 'to a
greater inflow of Arctic water by this route than Dawson's (1907) earlier survey had
suggested; but even so, it is an open question whether this Arcticcontribl1tion is
sufficient to lower the temperature of the coldest stratum of the Gulf of St. Lawrence
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(or. of itsdisehal'ge .around Cape B:reton) below the point to whieli winter chillinlr,
per se, and ice melting insittt, would reduce it.

Schott (1897) and Hautreaux (1910 and 1911), abll.nddning the Labrador CUITent,
saw in the Gulfof St. Lawrence the sourceofthecoldeoast water as far west and
south as New York. This 'View is supported by so much evidence that in earlier
ptiblications (Bigelow, 1915,1917,and 1922) I have described the' cold Nova Scotian
water that flows past Cape Sable into the Gulf of Maine as :probablya direct con~

tinuatibn of the current that is known to flow out through Cabot Strait on the Cape
Bretonside.: ';;

Briefly stated, the evidence on which this view was based stood as follows up to
1922, when Canadian experiments with drift bottles threw newlight~n the subject>:

The enormous volume of fresh water poured yearly into the Gulf of St. Lawrence
by its tributary rivers, added to a deep current of slope water flowing in through
Cabot Strait on the bottom {Huntsman, 1924},apparently, too, with a, balance of
inflow over outflow in· the Straits of Belle Isle,; and wIth the currents on the north side
of Cabot Strait usually inward, while the rain that falls on'thesurfaceof the Gulf of
St. Lawrence almost certainly exceeds the evaporation therefrom, make it certain
that the current flowing out via the south side of Cabot Strait discharges a large
volume of water. Experimen.t~l·evidence slibstantiates this, for current measure:
ments by the tidal survey,o,£ Canada, (Dawson, .1913) seemtid' to establish a constant
outflow there, at leas1l30 miles, broad abre,ll.st of Cape' North, with an average
velocity of apout hal~ ak~otperhour at the surface, which Dawson (1913) termed
the HCape Breton current," but was earlier known as the "Cabot current." ,

Temperatures and salinities taken by the Grampus in the eastern side of the Gulf
of Maine, near Cape Sable,and is far east along the outer coastof Nova Scotia as
Halifax, in 1914 and 1915, pointed to a direct continuation of 'this "Cape Breton" or
"Cabot" current southwestward alongshore, nearly to the Gulf of Maine, during
these summers (Bigelow, 1917, p. 234). Futhetmore, a dominant surface drift of
73'knot per hour toward the southwest was recorded by the Ekman current meter off
Shelburne, on July 27 and 28, 1914 (station 10231), only 30 miles east of'the entrance
to'the Gulf of Maine.

Thus the physical character of the water, combined with readings of the current
'meter, seemed to show a direct surface drift from. the northeast along the Nova Sco~

tian coa,gtbetweenShelburne and Halifax, distinguishable bya considerable difference
in 'temperature andsalinity from the salter, warmer water that bounded it on the sea
watd side. 'These characteristics and the fact that we found such characteristically
Arctic componeij.ts as Limacina helicina and Mertensia o'IYUm among its plankton
seemed to classify it as actually the southernmost prolongation of the outflow from
Cabot Strait (Bigelow; 1911, p.357).

Observations takenoY;the Canadian Fisheries Expedition of 1915 (Bjerkan, 1919)
and. returns from severalseri'es of drift-bottle experiments subsequently carried out
by the Biological Board of Cami.dain the years 1922,1923, and 1924 29 have proven
the circulation over the continental shelf along Nova Scotia to be of a nature much

"HllDtsm8n.lp~.8Dd I\otes kindly cODtribllted by him
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.•ore:complex than the simple. stream·fow·from northeast to southwestBuggestedby
•.the earlier.evidence.;
. Tb:etrack followed.by the ice driftingoutoi ,\be Gulf of, St...,LawrenCe; is: especiAlly
:instmctive here in this.comiection, because this discharge takes place in spring (chiefly
.in Anril and May) justwhen.the.Nova Scotiahcurrent -is' flooding past Cltpe Sable
;4nto the Gulf of Maine in greatest volume; whereas most 01 the drift-'bottle experi
(mentshavebeen. carried out in' summer. when this current is usually inactive or ,at
least is carrying so small a volume of water past Cape Sable that it is no longer an
,nnportant cooling agent for the Gulf of Maine, .According to Johnston (1915), the
rice that comes out along the Cape Breton side of Cabot Strait does. not tend to
'lollowthe Nova Scotian coast around to the southwest, as it would if theoutflowing
;(:urrent hugged the coastline, but divides. Part drifts outtothi3 southeastward;
.but the ice that emerges from :the gulf nearest the Cape Breton cOast moves south
,Ward across Banquereau Bank, where it fans out, to the offing of Halifax.

, These lines of dispersal correspond very closely with the icy water which Bjerkan's
(1919) data for May, 1915, show spreading out from the southern side of Cabot
Strait to the region of Misaine .and Banquereau Banks (fig. 167), but separated from
,the still colder (,....I°:)warer·on ,the NeWfoundland Banks by a warmer (0°) core in
Jtheaxis'ofthe Laurentian Channel, and with much higher temperatures off the mouth
:ofthe·latter. EspeCially suggestive, from the standpoint of the Gulf of Maine, is the· ,
narrow icy tongue (0° to ,..-0.2°) that then extended westward along Nova Scotia
past Halifax; a band comparatively uniform, also, in salinity from east to west (31.5
0032.5 per mille) and considerably less saline than the still colder water on the
Newfoundland side of the Laurentian Channel (temperature. lower than 0,.-19;
salinity 32.7 to 33.2 per mille). This the Ice Patrol cutter had also· crossed on her run
in to that port about a week earlier (United States COllist Guard stations 26 and 27,
May 20, 1915).

Lacking data in the offing of Cape" Sable, it is not possible to state whether this
eold tongue actually extended to.the Gulf of Maine that May, though it may have
done so earlier in the season and certainly does so during the spring in some years
(p. 681) .

.A similar concentration of cold water close in to Nova Scotia appears from the
temperatures taken by the Ice Patrol along a line from Halifax toward Sable Island
in spring in other years. The records for 1919 are especially instructive, showing
this band widest at the end of March, when the whole. column of water next the land
was fractionally colder than zero from the surface to bottom; smaller in volume in
April, when it was overlaid by slightly warmer (0° to 1°) water; and shrunken to a
narroW' tongue on the bottom not more than about 20 miles broad in May. 30

Drift bottles set out by the United States Coast Guard cutter Tampa (Capt. W.
J. Wheeler) on April 18, 1924, along aline running 119° (about SE XE72 E.) true from a
point about 18 miles southeast of Sable Island (43° 48' N.; 59° 26' W.) for 50 miles,
likewise show a drift from this region first northward toward,the land and then west
ward toward. the Gulf of Maine, three out of the seven returns (all from theinIier
end of the line) being from Sable Island, one from the Nova Seotian coast not far

.. The March profile IIlso cut across the southwestern edge of the Icy Cape Breton-Banquereau poO}'near.Bable Ildand.
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from Halifax, and one from Gloucester Harbor, where it was picked up on August
14. 31 Although two of the bottles from this line drifted to Newfoundland, showing
a division, this does not detract from the evidence of the Gloucester recovery.

Clearer evidence that the cold tongue that skirts Nova Scotia and flows past
Cape Sable into the Gulf in Maine in spring is actually an overflow from the iCY
pool that develops from Cabot Strait out over Banquereau Bank, when the ice is
coming out of the Gulf of St. Lawrence, could hardly be asked than results from the
temperatures, salinities, and bottle drifts just discussed.

I believe it now sufficiently demonstrated that while this cold pool (fig. 167)
owes its low temperature, to some extent" to the direct outflow of icy water from
the Gulf of St Lawrence via the Cape Breton side of Cabot Strait, it more directly
mirrors the chilling effect of the field ice from the Gulf of St. Lawrence as this
melts in· the region between Banquereau Bank and Sable Island. Consequently,
cold water that reaches the Gulf of Maine from the east is, in fact, ice-chilled,
though thiS takes place 300 miles or more to the eastward of the eastern portal to
the gulf.

It is to this cold band skirting Nova Scotia that the name /I Nova Scotian cur
rent" is applied in the preceding pages. During the spring a large volume of water
enters the eastern side of the Gulf of Maine from this source, producing the· effects on
salinity and temperature described in the chapters on those physical features; and
this is certainly the chief source that contributes cold water of northern origin to the
Gulf of Maine-almost certainly the only source making a contribution of this sort
sufficient in amount and cold enough to exert any appreciable effect on the tempera
ture of the gulf (p. 682).

ThiS current flows into the gulf in volume during only a few weeks in spring
earlier in some years, later in others. As its fluctuations are referred to repeatedly
in the preceding pages a summary will suffice here.

In 1920 (a late season) icy water « 1 0) from this source had spread west
ward as far as the offing of Shelburne, Nova Scotia, by the last week in March; but
neither the temperature nor the salinity of the eastern side of the Gulf of Maine give
any evidence that it had commenced to flood past Cape Sable up to that date, nor
do the isohalines for that April suggest any drift of water of low salinity into the gulf
from the east. The coastal zone, also, warmed about as rapidly in the one side of
the gulf as in the other during that month (p. 553). Conditions seem, then, to have
remained comparatively static off Cape Sable through the first two months of the
spring of 1920, and if the Nova Scotian current discharged at all into the gulf in that
year this did not happen until Mayor later. In 1919, however, an early season, its
western e~pansion culminated before the last of March, and had slackened, if not
ceased, by the end of April (p. 558). In this respect 1915 seems to have been inter
mediate (so may be taken as a representative spring), with the Nova Scotian current
exerting its chiefchilling '6ffect on the eastern side of the gulf before the first week
in May (p. 560), and slackening from May to June, as indicated· by the contraction
(to the eastward) oftha area inclosed by the surface isohaline for 32 per mille (of.
fig. 120 with fig. 128).

II Information kindly supplied by Dr. A. G. Huntsman;
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The salinities and temperatures of the eastern side of the gulf make it probable
that the westerljHow past Cape Sable slackens or ceases by June, at the latest, every
year-often a month or more earlier than .that. In some years sporadic movements
of water undoubtedly take place frome.ast to west past the cape later in the season;
but the drift of bottles put out on several lines off Nova Scotia by the Biological
Board of Canada during 1922; 1923, and 1924 shows that the circulation over the
continental shelf between Browns Bank and the Laurentian Channel becomes exceed
ingly complex during the late ~ummer, variable from summer to summer, and
largely controlled by the contour of the bottom.a2

During some summers a rather definite current from east to west persists along
the Nova Scotian coast right through July and August. This statement is based on
the drifts for 1924, when a number of bottles set out on three lines normal to the
general trend of the coast between Halifax and the Straits of Canso, during July and
August, were picked up in autumn in the Gulf of Maine. Many other bottles from
the most easterly lines also traveled westward during that summer but stranded
before they reached Cape Sable.aa

The probable tracks of the bottles that went westward, localized some 12 to 25
miles out from the land, correspond so closely with the tongue of coldest water
charted for May, 1915 (fig. 167),that the dominant drift was evidently eSsentially
the same for both. In May, as temperatures show, this east-west movement involved
a stratum of considerable thickness; but in the summer of 1924 it was more strictly
a surface phenomenon, problibly with the underlyingwater circling offshore along
Roseway and La Have Banks in the mote usual anticloekwise eddy, because what
few temperatures were taken in the gulf that summer, (p. 996) suggest no greater
transference of cold water (such as a bottom current past Oape Sable would entail)
than usual.

The westerly set may again have continued past Cape Sable until September in
1926, when many drift~ were .recorded from the offing of the cape into the gulf, as
summarized on page 909.

The bottle drifts for the other summers of· record show, however, that it .is
unusual for the Nova Scotian cutrent to persist as a definite stream-How as far west as
Cape Sable after June, but that the deep basin between Sable Island Bank on the
east and La Have Bank on the west is usually dominated (in summer) by an anti
clockwise eddy named by Doctor Huntsman the "Scotian eddy," similar to, though
not as extensive as, the eddy that dominates the basin of the Gulf of Maine.

In summers of this type whatever drift takes place intermittently around Cape
Sable ~to the eastern side of the Gulf of Maine draws from what Doctor Huntsman
describes ,as a sort of dead-water region off the cape. True, this, in its turn,
receives water of low temperature from the Scotian eddy, but also from the warmer
slope water that drifts westward along the ,edge of the continent, as appears from
the recoveries of Canadian drift/bottles. Consequently, the surface water that

.. Only a preliminarystatemetit;o(the gEjJleral results has yet appeared (Huntsman, 1924); but Doct9f Huntsman has very
kindly allowed quotation from hls,Unpu1?lIslled notas.

II The account of these experlinerits contributed In advance of pUblication by Doctor Huntsman'also shows complex drifts
Inshore and to the eastward for many bottles set out ott County Harbor and ott Beaver Harbor, Wllich need not be discussed here.
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eilters the" eastern side of the Gulf of iM,aJn~ in summers of ;this type i,snQt, <l91d, but
actua.lly is warmer than the water it meets within the gulf. .

,This we ftmnd to ~ the casein JulYt\~d A~gust of 1914,when saijnities and
temperatures showed that the cold tongl1e was eddying ,offshore toward. the edge ,of
the continent, and to the left, ~,shl>rtdistanceeastofthe longitude o~ .C/lopeSa:;ble
(:BigelQw" 1917), alth<>ugh a:dominant. southwesterly. set of about l.knot per hour
wa.s then recorded in the offing of .Shelbur.ne (station 10231). The observationa
taken during the last week of July, 1915, by the Canadian Fisheries E~pedition.

(Bjerkan, 1919), corroborated by our own September stations for that year (10312,
1Q313, and 10314), again showed the coldest and least saline water as veering south..
ward from the offing of Shelburne toward La Have Bank-not continuing west
ward to Cape:Sable.

The summer of 1922 seems also to have belonged to this category, because,aa
Doctor Huntsman informs me, not one of the bottles that were put out to the east~

ward of Shelburne, Nova Scotia, during that summer has beell reported from the
Gulf of Maine; but a series set out on a line running southwesterly for 125 miles
from Brazil Rock, just east, of Cape Sable, on the 17th of that July, evidently coin
cided with .the ..zone of transition between. th:e.ScotitW a.nd Gulf. of ·Maine·eddies,
because aboutas,ma;Qy'bpttles from ,the. IDne:f eJ;l.d,of;· tP,Q linewereJ;epot~ed froIn:
the Gulf of Maine and Bay'of Fu,ndy. (p. 908). as ~r<lIni th~ eas~ward,while moreejther
drifted inshore or remained stationary;34

Four others, set out near the outer edge of the continental shelf, ",ere pieked
up on the west coast of Nova Scotia, in the Bay of Fundy, and on the coast of
Maine. The latter drifts, Doctor Runtsman points out, indicate a westward ten
dency along the edge of the continent and entrance into .the gulf around or across
Browns Bank with the slope water discussed· below (p. 842). Such of the bottles
from this lip-e as finally drifted into the Gulf of Maine eddy, traveled with conside.r~
able speed (p. 847); but so many of them worked slowly shoreward., and. the dis
persal was sonearly eq,ualin the two directions, east and west, that the water off
C/We Sable is described by Doctor Huntsman as II It relatively deadzone"~t the time,
so far as any nontidal drift is copcerned. '.I,'id,al currents,,):lOwever, rupwith gn~at

velocity in this region, especially clof)e in to land.. ' .' "', .'
A.. dead zone, of, this same sort seems agaIn to have developed off Cape Sable

during the summer. of 1923, when, ~s Dpctor Huntsman writes, some bottles from ~

line running eastward from Browns Bank. toward 1....11.. Have Bank (i.e.,atrigh~
angles to the Cape Sable line of the year previous) were finally recovered in the
GlIlf of Maine after drifts no more rapid than those of the 1922 series, while' others
were picked up on the other side ofthe Atlantic (England, Ireland,France, and the
Azores) a year later.. The only bottle frotn lines east of La Have Bank, which is
known to have reached the Gulf of Maine during that summer, was one set adrift
inCabot Strait on July 18 and picked up near Cape SabM ()nDecember 2. Th~

bottle, DoctorlIuntsman suggests,. tnay' hlive gone out along the western ,side of
the Laurentian Channel, then westward along the edge of the continerit,'and:'so:

. "'. ", .. . ," ... " '. " .. ... '. . . , -,' , . :. . . ~,;'

, .. Doctor Huntslpankindjy anows Quotation or these results in'l\dvan~ or pUbllcetion. They are discWlS~ m!lre(~lly!'i'<
another chapter(p.~). ' . . . .
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finally northward toward the Gulf of Maine,via Browns Bank and the Cape Sable
dead water. .

In years such as those just descrihedthe region in the offing of Cape Sable,
ont to Browns Bank, between the' two major circulatory eddies (Scotian· and Gulf
of Maine) but not directly within the sweepof either, is evidently the site of a very
active mixing of waters of diverse origins. Under such conditions a very abrupt
east-west transition in temperature. and salinity develops off the cape, proving that
the westerly (inshore) component of the Scotian'oody is not the motive power for
such water as does then flood into this side of the Gulf of Maine. This eddy, on
the contrary, is clearly outlined by the surface salinity for July and August, 1914
(Bigelow, 1917, fig. 18), and for June, 1915, as swinging offshore toward La Have
Bank, which prevents it from flooding westward through the. Northern Channel,
toward which the rotation of the earth would direct it, did the contour of the bottom
allow.

The strong tidal currents off southern Nova Scotia must tend, however, to
pump water from the Cape Sable deadwater into the gulf, because the· flood, running
westward at a meanveloeityof 1.4 knots (Dawson, 1908, station R; a journey of
something like 8~ miles for any given particle of water); must follow westward and
northward around Cape Sable as it is forced to the right against thel;ihore by the
effect of the earth's rotation. With the ebb similarly deflected to the,right, a clock~

wise movement around the rounded outline of southwestern Nova Scotia naturally
results, such as eddies around any submerged shoal in high northern latitudes.

TROPIC WATER

We may next consider the possibility that'overflows of the surface stratum of
tropical or "Gulf Stream" water, the inner edge of whichalways'lies within a few
miles of the edge of the continent, may enter the Gulf of Maine from time to time;
also possible movements of the coast water from west to east past Cape· Cod into
the gulf, either via Vineyard Sound or around Nantucket Island. Water from either
of these sources would reach the gulf as warm currents, contrasting With the cold
Nova Scotian current, the former high in salinity, the latter low.

As pointed out above (p. 700), e-vents of the first category undoubtedly do occur
on occasion. Small amounts of "Gulf Stream" water have long been known to drift
inward, toward the sector of coast line bounded on the east by Marthas Vineyard
and on the west by Narragansett Bay, during most summers, bringing with them a
typically tropical fauna of fishes, planktonicinvertebrates, and Gulf weed (Sargassum).

Were it not for the peculiar distribution of densities off the slopes of Georges and
Browns Banks, shortly to be described (p. 843), which produce more or less constant
dynamic tendency for the surface stratum to move out, seaward, from the edge of
t;he continent (a tendency altered into a long shore current to the westward by the
deflective effect of the earth's rotation; p. 846), tropic water might similarly be
expected to drive in over the surface.l'ight across ,the banks under the propulsion of
high and prolonged southerly winds. Under most conditions, however, the distri
bution of density imposes an impassible barrier to surface drifts from the southward
into the gulf (p. 939). It is fortunate for the fisheries of New England that such is
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lthe case, for were Georges and Bl'ownsBankssubjectto,fl'equent.6verflowsby the
',frightemperatures of the so.-called "Gulf Stream". sufficient in amount, to domin~te

lthe column from surface to bottom, existence on the Banks wo.uldbeoomeimp6s
'$ible for cod, haddock,halibut,and, in fact, for the whole.oategory of boreal fisheS.

Under exceptional conditions departures from the normal temperatures -. and
salinities along the zone of contact of the banks and tropic waters mayliUow the
latter to reach the Gulf of Maine as a surface drift if driven by southel'lywinds.
An overflow of this sort was, in fact, reported by Cl\Pt. E. Kinney of the S, S.
:Prince Arthur; who observed unusually blue. water with gulf weed and a tempera
ture of 20° C. (68°F.) in the center of the gulf, latitude 42° 43' N., longitude 69°
13' W., on July 14, 1911, preceded for several days by a strong cUITenttoward the
northwest in its western side (U. S. Hydrographic Office pilot chart for January,
1913). However, no events of this sort have come under our observation, so they
.must .be exceptional, for their effects on the salinity of the gulf and on its plankton
would, be unmistakable.

It may be definitely asserted, therefore, that tropic. water from outside the con
tinental edge seldom affects the temperature or salinity of the gulf except as one of
-the constituents of: the water that flows in through the Eastern Channel.

It is one of the most interesting oceanographic features of the Gulf of Maine
,that the latter is so little subject to tropic influences, either in the physical character
ofits waters or in its fauna or flora, when tropic water lies so close at hand.

COASTAL WATER FROM THE WEST

The possibility that the coastal water overflows around Cape Cod from the
west in any considerable volume, and so into the Gulf of· Maine, seems extremely
remote. On the contrary, all the evidence of current-meter measurements, drift
bottle experiments, distribution of temperatures and salinities (see especiallyp. 974),
and geographic distribution of the fauna (bottom as well as planktonic) points to
just the reverse movement-i. e., out of the gulf in this side. The evidence that the
dominant drift past Cape Cod, and so around or over Nantucket Shoals, is out of
t1\e Gulf 'of Maine, not into the latter, is conclusive.

RIVER WATE,R

In addition to the superficial ocean currents just discussed, which bring water
to the Gulf of Maine, its tributary rivers discharge a volume of fresh water so large
that it must be taken into consideration in any study of the salinity or circulation
of the gulf.

Unfortunately, the annual combined discharge of the several river systems can
not yet be stated, much less the contribution made by the numerous minor s,treallls
that empty into the gulf, for most of the flow measurements made by 'the United
States GeologicalSurvey within recent years (see especially Porter, 1899iPr~ssel,
1902; and Barrows, 1907 and 1907a) have been for localities far upstream. The
published data for the Kennebec at Waterville, Me., and for the Merrimac at
Lawrence, Mass., are perhaps the~ost instructive in thepresentconl3;$ction. Tb.ese
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records for the Kennebec cover a drainage area of 4,410 squaremiles~5 out ofa total
6,330--i. e., about two-thirds of the river basin. The average flow is given by

.Porter (1899) as 6,400 cubic feet per second for the four years 1893 to 1896; and
though a great number of records have been obtained subsequently,. this figure may
be taken as representative. In other words, if this be two-thirds of the total flow
of the river (probably it is no more, because two important tributaries enter below
Waterville), the Kennebec River annually pours something like 300,000,000,000 cubic
feet of water jnto the Gul! of Maine, or enough to flood an area of about 8,000
square miles35 to the depth of 1 foot. The discharge from the Merrimac is about
the same in relation to the area of its watershed--i. e., an average of about 6,800
cubic feet per second (8 years, 1890 to 1897) from about 4,553 square miles. Flow
measurements of the Androscoggin, taken at Rumford Falls, Me., at which point the
river receives the run-off from one-half to two-thirds of its total watershed of 3,700
square miles., give a mean of 3,884 cubic feet per second for the years 1893 to 1901,
suggesting about 6,400 for the entire watershed of this river. The discharge from
the Penobscot, with its larger drainage area (8,500 square miles), averaged 'about
23,500 cubic feet per second for the years 1899 to 1901 (Pressey, 1902), at White
Horse rips, where it drains 7,240 square miles of its total watershed of 8,500, indicating
a total run-off of not less than 28,000 cubic feet per second. By a simplearith
metical calcuation the combined discharge from these four rivers alone is sufficient to
raise the whole level of the Gulf of Maine, out to its southern rim, by about 1% feet
per year.

This does not include the St. John, the largest tributary of all, with a watershed
more extensive than those of the Merrimac, Androscoggin, and Kennebec combined
(p.521), but for which ItO definite record of it~discharge is available; nor of the dis
charges fmm the many. lesser streams-the Saco, for example, the Presumpscot. the
St. Croix, and many smaller. However, the general physical features and vegeta
tion of northern .Maine and of such parts of New Brunswick and Nova Scotia as are
tributary to the gulf are comparatively uniform, as is the rainfall. Consequently,
it is fair to assume that at least as large a proportion of the rain that falls on the
watershed of the St. John and of the other unmeasured streams reaches the sea as
from the following watersheds where this run-off has actually been measured. The
run-off from the St. John watershed may, indeed, be expected to be greater, the rain
fall in the interior of New Brunswick being heavier than it is over most of Maine.

River Locality
Area of

watershed,
square
miles

Period

Annual run-alI, depth In Inchll$,
. . for watershed.

Maximum Minimum Mean.

Merrlmac. •••_ Lawrence,Mass. ._.____ 4,452 1007-1917 24.14 13.12 17.211

AndroscOa:iJa""._" Rumford Falls, M••__ " "__• . •__ ••__• 2, 000 n~~m} ·28.66 14. 28 22. 35
Kennebec ".,;... Waterv.llle, Me__• ••_••__•••• ••• _' __ '_"_ 4,270 1893-1916 32.46 12. 73 23. 08

. :P«!obscot •. c_" West Enfield, Me •. •. 6, 000 11907.1917 32.06 14.01 26.94

St. Croix "'__'._"'; Woodland (SPra.llUes Falls), Me•• ••• .__ .. 1.4201{loo7J~} 30.62 14.96 24.14

• The statlstlcson which this and. the following tables are based will be found)n Porter (1899). Pressey (1902), lian-owl
(lOO1);and In U. S. Geogloglca! Survey Water-Supply Papers Nos. 97, 2l11, 241, 261, 301, 321, 361, 381, 401, 431, 451, and 481.
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The run·off from the area tributary to the St. John. River llla.y therefore be set
at about 24 inches annually. Probably this applies equally to the Nova Scotian
streams, while the runooQff for the minor rivers along the west and north coasts of the
gulf may be estimated at 18' to 22 inches-an average of not less than 18 to.24 inches
for the whole watershed of the gulf.

It is not wise to estimate more precisely from data. of this sort, because longer
terms ofobservation or a multiplication of recording stations might alter the results;
but the ratio that has now been established between·the rainfa.ll and the ann,ual
run-off at several 0 bserving stations confirms this calculation. Thus, Barrows (1907a,
p. 110) found the runooQfffrom the Androscoggin basin to range from 22 to 67 per
cent of the rainfall over the period 1893 to 1905, averaging 59 per cent. During the
same period, the runooQff from the Cobbosseecontee, one of the chief tributaries of
the Androscoggin, averaged 44 percent of the rainfall. (Pressey, 1902, p. 70). The
average for the Presumpscott basin for 1887 to 1901 was 46 per cent of the rainfall
(Pressey, 1902, p. 104), and data for the four-year period, 1914 to 1917, showed that
50 per cent of the rain that fell on the Merrimac watershed ran off via. that river.

The avera.ge amount of fresh water reaching the gulf via the chief rivers tributary
to it may therefore be set at about 50 per cent of the annual precipitation over its
watershed, which ranges from about 38 to about 50 inches.

Assuming a yearly run-off of about 20 inches from the 61,000 square miles of
watershed, this is sufficient to form a layer some 31 inches thick over the entire gulf,
out to its southern rim, illustrating more concretely the relationship which this vast
run-off of river water bears to the area of sea into which it is discharged. If the
yearly amount by which rain and snow falling on the gulf exceeds the evaporation
from its surface be something over 1 foot (p. 841), the total yearly influx of freshwater
is sufficient to raise the level out to Georges Bank by at least 43 inches, or almost
% of a fathom.

The seasonal distribution of this contribution of fresh water has an important
bearing on the seasonal fluctuations of the salinity of the gulf.(p. 701), hence demands
notice here. As every New Englander knows, our rivers are in flood in spring, of
which the Kennebec may serve as an illustration, both because records of its daily
discharges have been kept for many years (Barrows, 1907) and because its situation
and the general topography of its watershed make it typicalol the rivers of Maine
and New Brunswick. The following table for the 10-year period, 1893 to 1902, is
compiled from Barrow's (1907) records.

Mean discharge of Kennebec River at Waterville, Me.

Month
Run·off.

cubic Run·off,
feet per In inches
second

Month
Run-off.

cubic Run-off,
feet per In inches
second

----------~ --- ---11-------------1---

~:i~~~:::::::::::::::::::=:==:::::::::
April •••••••_. _•••••••••••••~_•••.•••• ' ••'
May ••••__••••••••••_••••_••••••.••,_ ••••

~~r;:::::::::'.::::::::::::::::::::::::::

2, 919
3.357
8,454

24.811
20,032
10,031
6, 116

0.76 August_•••_._ ._••.• _- ••••••••_._••._••••••_ 3,811 1.03
.82 September __ ••__ ••••.••••••••••__•••••••• 2; 893 ~ 711

2. 28 October •••_•• _••••••••_••••.••••_........ 3,011 .82
6. ~9 November ••••• "••_•••••••••-.-.~......... 4.fl8lI . ').,28
~ ~ December•••••••••••••••••••••••~•••••••• .;..;...:...3•...;944...;...1,,;....;..;..1_.1_7

1.65 Monthly mean•••_.................. 7;838 2.10

..
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TW'()~thirdsof the tcitalrun-off for the year ,thus falls during the three, spring'
months, and more than half of it during April and May. This does not e:x:Q.Clily
represent the natural condition, because. the Kennebec is more or lesscontroll~dp,

the several dams; but water~powerdevelopments have not been sufficient to~
its spring freshets-still less have they on the Penobscot or the St. John ltive!'li.
Hence,the seasonal fluctuations in the flow of the Kennebec may be taken as gen
erally representative of all the considerablle streams that empty into the gulf north
and 'east 'of Cape Elizabeth and of theSacoas well.,

Originally the Merrimac, also, came into flood in the spring, at the season when
the snow blanket melts and the ice goes out; but it is now so largely harnessed for
industrial purposes that its seasonal flow no longer shows as pronounced a freshet
in April and Mayas New England waterways do in their, natural state. Its larg~st

run-off still falls in April, however, and its smallest in September, as appears from
the'following table:

Merrimac River at Lawrence, Mass., for the period 1907 to 1916

Month Run-otf,
In Inches Month Run·oft,

In Inchllll

~~~;.-:::::::::::::::::::::::::::::::::::::::::::March __ • • ._. __••_. " __ ••_. • _
April • .--••__.• • __ • • _
May ._. • • _
lune • • • • "__
luJy " • • • _

1.3
1.2
2.7
3.6
2.3
1.3
.8

August •• • • ._______________________ 0.8
September • • • .__ .6
October• ._,. •__• •__...., .8
November ...._._. • .. 1. 0
December _. •__ ._•• ._.. 1.1

Monthly average__• .-.---------- , .1.,

Automatic tide· gauges, which have been in operation at a number· of point4J
around the coastline of the gulf between Cape Cod, and the Bay of Fundy, have
shown the sea 0.1 to 0.2 feet lower than the mean in the lat~er part of winter, and
about this same amount higher than the mean toward the end of the sUIllmer.a6

,This variation probably reflects the seasonal variation in the inflow of land water.

RAINFALL AND EvAPORATION

Although land drainage is the chief source for fresh water for the gulf, rainfall
also adds a considerable increment. No record of the precipitation over the offshore
parts of the gulf itself is available, but the monthly and annual averages for four
representative coast stations-Boston, Portland, Eastport, and Yarmouth-tabu
latedbelow suggest an annual fall of 40 to 45 inches for the gulf as a whole.

Average rainfall, in inches

Month Boston r~ East- Yar-
port mouth' Month Boston Port- East- Yar-

land port month
--------,1---------11---------1--------

&l~~::::::::::::::::::::
t!if::::::::::::::::::::::::luly ..-.__- • _

3.82
8.44
'.08
3.60
3.55
3.03
3.36

3.81 3.84
3.65 3. 62
3.75 4.28
3.11 2. 94
3.67 ' 3.80
3.86 8.24
8.25 3.42

5.16' August_•• .______________ 4.03 8.57 8.26 8.62
4.17 September 3.19 8.20 2. 97 8.61
5.00 Ootober ... 3.86 8.66 3.85' 4.12
8.82 November .______ 4.10 3.80 4.08 4.49
8.57 December .. 8.41 8.68 3.97 4. 77
2.93 -------
3.47 Total__________________ 43.4042. ro 43.80 48.73

"Information Qontrlbuted by U. S. Coast and Geodetic Survey,
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Evaporation, of course, partially' offsets precipita.tion. UhfoJ'tulllttely,. no data
are available on this subject from any lo.calitiesthat might besupposed.toapproxi
ma.te·conditions as theyprevailll.t sea in the Gulf of Maine; the outer isIands,.ior
example, would be such. Nevertheless,.there is no reason to,.suppose thatevapora..
tion at sea is greater.ithan on land, especially when the sea is blanketed with thick
fog, as the northern and northeastern parts of the gulf and its offshore banks often
areduring.the summer season. The following records of evaporation for Maine,
Massachusetts, and Nova Scotia may therefore be taken as the maximum. The
average monthly evaporation from a free water surface at three stations in Maine
in the basins of the Penobscot, Kennebec, and Androscoggin Rivers is given by
Barrows (190780, p. 114) as follows, in inches:

Month
Average
evapora·
tion, in
inches

¥onth
Average
evapor&
tlen,ill
Inches

March••__ •• __•• ._~ ._•• •__

t!!~::::::::::::::::::::::::::::::::::::::::::==::::
2.23 July ••••• .~.__~. __.••__._. •••••__••••• -_••__

~: ~ ~e~~liei~::::::::::::::::::::::~::::::::::::::~:::
2. 87 October__• •• •..••__._••__·_•••• ••••_••~__

5.28
5.12
3.00
:l-33

No data are available for the winter months, when the observations were neces
sarilymade from a frozen surface, but it may be assumed that evaporation takes
place no more rapidly from open water from November through February than in
October 'or March~ay at the rate of about 2.2 inches monthly. This suggests a total
evaporation for the year of about 35 inches of fresh water.37 According to Fitz
Gerald (1886), the annual evaporation is somewhat larger near Boston (about 39
inches) j as might be expected.

Data supplied by the United States Weather Bureau for Yarmouth, Nova
Scotia, more closely paralleling .conditions over the gulf because of the greater fre
quence there of onshore winds, show the following monthly averages over a period
of 13 years:

Evaporation at Yarmouth, Nova Scotia

Month

April 1 • __ • __ • __••• • .•• •• _
May . •••• .-- •__• .• ••_.__••
Jone •. . • -- .
July. •.• •. . .---__

11920 only; iee In the tank on several days.

. Average'
evapora
tion,in
Inches

1.08
3.04
3.49
3.94

Month

August "__. _. ._. • •. ••__••__

t1t~~::::::~:::~::::::::::::::::::::::~::_:C::~

Average
evapora
tion,in
Inclles

3.55
3.57
1.59

Assuming an average evaporation of 1.5 to 2 inches monthly, for the period
November to March, the annual evaporation of fresh water at Yarmouth would be
close to 29 inches from a surface of open (not frozen) water; the average for the Gulf
of Maine is probably notm()re than 30 inches. These measurements are ~or fresh

11 These measurements were taken freely exposed to the sky (Barrows, 1907a, p.111, pJ.21).
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water, however, which:evapora.tes somewhat more rapidly than salt water under
equaleonditions oftemperature, humidity, etc. According to Mazelle (1898), the
evaporation of 'salt 'water 8veragesabout 81 per cent that ofJresh at Trieste, while
Okada (1903)foundit averaging about 95.per cent' that of fresh ,over a 7-year period
iJ,lJapan.u\s Okada.!s measurements:w.ere ta;ken open to the sky,'Mazelle's unders
roof, the former simulate more the conditions at sea.ss

.As a rough approximation, the evaporation of saltwater from the surface of the
Gulf of. Maine may, then, be set at about 27 to 28 inches, or about 71 centimeters,
annually.

DEEP STRATUM

SLOPE WATER

The scources so far mentioned contribute chiefly to the superficial stratum of
the Gulf of Maine. We must next consider the comparatively Warm and highly
saline water that drifts intermittently inward along the trough of the Eastern Channel
to form the bottom water of the gulf. The high salinity of this makes its offshore
origin clear enough. As certainly, however, it is not a direct and unmixed indraft from
the mid depths of the Atlantic Basin. Two reasons warrant this confident assertion;
In the first place, neither the temperature nor the salinity of the bottom water of
the. Eastern Channel, or of the gulf basin within, is high enough to aecord with such
an origin.. In the second place, profiles enough have now been run by various
expeditions to, make it certain that a broadband, intermediate in' temperature and in
salinity between the coastal water, on the one hand, and the tropic Atlantic water,
on the other, always separates the latter from the edge of the continent from Georges
Bank to the Grand Banks.

The It cold wall" of the earlier oceanographers-the source of this hand-has been
the subject of much discussion, with upwelling from the ocean abyss and currents
from the north most freqentlyinvoked to explain its low temperature as contrasted
with the" Gulf Stream" on its seaward side. Recent :explorations, however, have
made it clear that this "cold wall" is simply the product of the mixture that is.
constantly taking place between the tropic water, on the one hand, and the coastal
water, on the other (or Arctic waterin the Grand Banks region), at their zone of
contact along the slope of the continent. It Slope water," as defined by Huntsman
(1924), is therefore a better name for it than "cold wall," and as such it is referred
to repeatedly in the preceding pages.

It is the presenceof a continuous zone of this slope water right across the mouth
of the gulf at all times of year which effectively bars unadulterated oceanic or tropic
water from entering the Eastern Channel. It is because the most saline bottom
water of the gulf draws from this source that members of the bathypelagic plankton
of the Atlantic Basin occur only as the. rarest of stragglers within the gulf (Bige-
low, 1926, p. 67). . . . ' , . . . ,

Explorations by the Canadian FisheriesExpeuition (Bjerkan, 1919; Sandstrom,
1919; and Huntsman, 19~24) have similarly proven that the high salinity (34.5 to
34.7 per mille) and comparatively high temperature (4° to 5°) of the deepest stratum

as For further discussion of evaporation' see Krilmmel, 1907, p. 244.
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ofthe· Gulf of St. Lawrence' are 'similarly maintained by aninflowing bottom,
current of the same slope origin.

The motive power thatbrihgswater of this character to the, Gulf of Maine as
a bottom current through the:Eastern Channel (intermittentlYrit is true, butdl~gu

larly enough to maintain the comparatively COJlstant salinity and ,temperature;
actually recorded) is to be sought inthedistribntion of density 'alongthe ,edge ;ol
the contineJ;it.' A considerableb'ody of evidence has now beenaccuIIlUlated,to the'
effect that the zone of contact along which coast and ocean waters mix, and where
the slope water is manufactured, averages somewhat more d\3nse (heavier) than the
water in on the edge of the continent, except right at the suria,ce. All,th\3profiles
that have been run out across the cOiltinentaL~ageoff Nova Scotia in summer,
both thos~ by the Canadian Fisheries Expedition (Sandstrom, 1919, pI. 9, sections 13,
14, 15, 16, and 17) lmd by the United States Bureall of Fisheries, have shown
something of this sort. Thus, on July 25 to 28, 1914, on the first Gramp'U8 profile
out from Shelburne (stations 10231, 10232, and 10233), the stratum between the
20-meter and 150-meter levels was more dense just outsid.e the edge of the shelf
than in over the latter, though the surface was less so. .

The Grampus again found the W'll.ter heavier over the continental-slope,(station
10295) than in over the shelf (fig. 168) along this same profile on June 2~ and 24,
1915, with a decidedly steep density gradient at the 50 to 100 meter leve!., Con
sequently, the whole mass of water on the shelf above 100 meters must ~ave had
a hydrostatic tendency to drift seaward, except immediately at the surface:

A March profile along this same general line (stations 20073 to 20077) again
shows higher densities a,tthe outermost station. at 100 to 220 meters, than along
the edge of the continent (fig. 169)-evidence of this same dynamic tendencyfor the
water of low salinity and temperature to move out across the slope, though at the
inshore end of the profile the dynamic tendency in the superficial stratum was the
reverse.

The water at 20 to 120 meters' depth was likewise somewhat more dense over
the southeastern slope of Georges Bank '(station 10220) than in on the neighboring
edge of the latter (stations 10221 and 10225) in July, 1914; again in April, 1920
(stations 20109 to 20111), though oUr corresponding profile 'fo-r March,1920,
crossed a more complex alternative of heavier and lighter bands there (stations
20065 to 20069). ' .

The cross section of the western end of Georges Bank for July 20 and 21, 1914
(fig. 170), is especially instructive in this connection, being the only one of our
profiles that has reached water of oceanic salinity (36 per mille). Here, again, the
upper 50 meters of water proved slightly more dense at the outer' end (station
10218) than over the neighboring edge of the bank (station 10216), resulting in a
comparatively steep south-north gradient of density, though the relationship was:
just the reverse, atl a depth, of 70 to 140 meters. A slight differential of this;
same order (density higher at the outermost stations thanm ,on the bank)·ll.1so i

prevailed in this same, general region in February and, again in May. of 192()
(stations 20045 and 20046 for February; 20128 and 20129 for May); but
in the ',c61dJuly of 1916, this',eeems!to have applied only-at depths greater than

"t
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40 meters, with the surface water more dense over the hank (station 10348)thaJi,)
over its seaward slope (stations 10349 and 10352), though some douht exililtsasto>
the salinity (hence as to the density) at theeritical station (10349,p. 992).

Thus, densities rule lower along the outer edge of the offshore hanks, ahreast6f.
the Gulf of Maine and off Nova Scotia to the eastward, than along the. continentaL
slope thathtmnds· the hanks on the offshore side. The relationship at any given
date may he of the reverse order, either close to the surface as in July, 1916, or

140 1---,-.,-.,.:-}f~--,-.,- ~~------ ~~~- -------,--7'I!:--1

160 F---..::.:...J.~(,{L.;..L- :.......,. --.:.!.~.-:-__~c::.::_"':"--1

2801-~---.:...---'--'--~'-------.-:-~~---'----l

3OOt-----.........-...;....----:--------~~------1

180h-----.............-....----...:------------.-~

2001-----------____,-----.,...<

2201-----------------~~----...:-.:.__l

240I---------------------~~---------I
260r-----_-- --------_-44-----.:.__l

3fO I..- --L-"L ~

,FIG. 168.-Penslty proflle crossing the continental sheJr In the oftlng O(Elhelbume, .Nova Scotia, June 2300 24, 1915.
. '., . Oorrected for compression' '

along ,the 100..-metercontour, as ,in July, 1914.' However, ,we have never failed to
find the surfaces of equal densityrising'comparatively steeply from the outer pa.rt of'
the'sheltthrough,the,grea.ter part of the depth zone therein.eluded, Oint across the
edge' of "the .continent.·hetween. the .longitudes'of Shelburne, Nova Scotia, and of
Cape Cod.

To the east and north of our limits, ,and especially.off the Newfollndland Banks,
this zone of mixture is not only heavier than the coast water on its inner side (or
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Arctic water, according to locality}, but often, if not always, heavier than thetro,pic
water ontheouter side as well;(Witte; 1910jE.' H. Smith,f924, p.140, 1925, figs. 10,
12, and 19), causing the dynamic tendency for surface water to move in from both
sides toward this heavy zone (orUcabelling'~), w'hich seems first to havebeen'empha
sized by Witte (1910). 'Huntsman,too (1924,p.·278), definitely accepts ','cabelling'!;.as
a governing event in the' formation of the slope waterj and although morereeent
hydrodynamic studies (see especiallyK H. Smith, 1(26) have madeit clear that aCtual
sinking is usually prevented there by the effect of the earth's rotation, a potential

~~' fQ ~ ~
8 0 00 ~

Q 0 0 ~

Meter 0 r--_t\(:....._-..:lJI-_..--,-...,..,.. "1:.....-----.;~~--I'\I..:.--"'"l... ........
201--~-------~--...,....,---------~--I

401---~~-----------_====:c-----I
26-------

60I--~~--_.:::::::==-"""""'~~------'-~---'-~
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FIG. 169.-Density profile crossing the continental shelf In the offing of Shelburne. Nova Scotia,

March. 17 to 20. 1920. Corrected Cor compression

sinking zone of this· sort does nevertheless tend to draw in ~urface water from both
sides toward the zone where the surfaces of equal density-depart most from the
horizontal, and so to set up a horizontal circulation.

A potential sinking zone of this same sort was revealed by one profile fun off La
Have Bank by the Canadian Fisheries Expedition in July, 1915,when theupper 100
meters proved more dense just outside the edge of the,continent (Bjerkan, 1919,
Acadia stations 4100,43) than in on the edge ot theshe1f/ on the one hand (Acadia
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statjons 39 and 40), or ~t.theouterm()st:sta..tion,on the o.ther (A!'adiastatio~ 44) .. '~
It is doubtful how r.egularly. profiles abreast. of the.gl,t1{ Qr off ,southerl} New:England
would show this decrease.in density $eaward from. tbeoontinental slQpe. . ,':

.Inthe preceding discussion I have takel} "pains to speak always ofa "dynamic~

tendency" toward. movements of .th~ .w.aier,:never ofsuch movements &staking .place;
because in our latitudes .the curren.ts', that B.etually follow ·inequalitiesof, density
of this sort:llill6 given quite differentcharacters>by the deflection ~ultingfrom the'

It)" I() t:- ClO '

~ "i C\l ~

Meter 0r-__--~---;;:;--===::::::=:====:::==~:::::::::::'_=::::~

~::===~~2.4~~S=:::::::=5~3:::::S~120 ____2.5

40t-:;::::::======""'......

t40l- ----~~------1

1601- ---'---";~r__----___i

18°1-- ~r_-----1

.200
I......."------"----------,---,-----~~-,------,-----j

22°t- ~+-----1

240~------------------------...=.::.~----"'____7_:"_-_l

2601-------------------9>:71-----"""'----1
280
I-------,----------------'~l__-----''""'--~-I

3001-- ~ __"~ ___'

FIG. 170.-Densityalong a CTOSS profile of the western part Of Georges Bank; JUly 20 and 21,1914 {stations
10215 to 10218). Corrected for compression

rotation·of the earth; by whichthe apparent track of any.' current '(or 'Other body
movingfreelyo"ter the earth) in the Northern Hemisphere is defieeted to the
right.'0;

Ther6le'that: this quasi.+force playsin directing the ocean currents, how~ver set
in motion,' is. Iiowso generally appreciated that no discussion ofit iscaHed' for here•.

, ',.None dt'Qur Gr~mpm or' ..tlbdt~oa, PtOfll~ haveririiout/~enriug~to Showthlsrel~f;lb~shlp, ir1t8;dsted: .. ,.• ': '."" . ,
.. KrllimiJeI (1911, p. 449) and; 8andstrilm (1919) baveglTen 116rbap8 the slillplesi 'statenients' of tbls 8ubJeot;ln ItS 'oceano

graphic bearing, and dlscns8lons of the effects or the oentrlfugal force resulting from the earth's rotation In relation to the ellipsoid
form of the earth. See also Ferrell (1911), Davis (1885 and 1004), and BJerknes (1910 and 1911).
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Baldly stated, its practical effect on the slope water which dynamic forces tend 'to
drive out to sea from the ,continental slope,as describedabove(p. 843),is to swing
this drift to the right (i. e., to the west), thus altering into a longshore current what
otherwise would be (and potentially is) an offshore set. ,41

In this way adominant drift from east to west tends to develop along the
upper part of the continental slope, of La Have and Browns Banks so long as the
distribution of density is olthe type actually .recorded on the Acadia, Albatro88, and
Grampu8 cross profiles of this part of the continental shelf, for M8J.'ch, 1920, ;June
and July, 1915, and July, 1914. On;each oftheseoccasions the dynamic tendency,
acting as the propulsion for such a drift, involved the whole mass of bottomwatet
from the crest of La Have Bank down the slope toa depthof at least 200, if.not
250, meters. An east-,westdrift of the bottom water seems,then,comparatively
const,ant on just this. part of the slope.

In July, 1915, this drift involved the whole column of water, surface to bottom;
again, in July, 1922, when bottles set out near the edge of the shelf in the offing of'
Cape Sable drifted into the Gulf of Maine (p.908). Sandstrom's t1919) calculation
of a surface current of about 5 miles per day 42 toward the southwest, along the outer
part of the shelf, on this line (between Acadia' stations 39 and 41) , shows that the
surface water may travel with considerable velocity at times when the whole column
is involved in this westerly set along the edge of the continent. This is confirmed
by the drifts of four bottles set out 48 to 60iniles off Cape Sable in July, 1922, three
of which went to the Bay of Fundy at minimum rates of3to 4 niiles per day, and
one to Winter Harbor, near Mount Desert,ata daily rate of atleast2 miles, and
proba,bly considerablyfaster than that (p. 908). However, the obliquity of the sur·
faces of equal density, which originates this drift, decreased 'with increasing depth
on the Acadia section, so that Sandstrom's (1919, p. 332) table indicates a mean
velocity of only about 1 mile per day for the wholecolumri of water, surface to bot
toni, between the critical stations (from No. 40 out to the 200-metercontour), with
the bottom water creeping westward not faster than about one-half mile per day 48

at a depth of 100 to 200 meters.
The outermost bottle (which is known to have gone to the Gulf of. Maine from

the line put out off Cape Sable by the Biological Board of Canada in 1922) was set
adrift over the 200-meter contour" 59 miles out from the land, the only returnidrom
bottles set adrift farther out coming from Europe. This limitation, of the 'westerly
drift to a narrow belt corroborates the' Acadia profile of July, 1915, on which it Was
only about 20 miles wide (and similarly located), giving place farther out to a suc...
cession oflighter and heavier bands, indicating a stronger but evenuarrower counter
current to the eastward; then, outsideof that, a second line of 'drift to the westward.46

Evidently an active mixing of cold and warm waters was taking place at the
outer end ofthispl'Ofile at the time"with bands of higher and lower temperature

,j

"See Smith's (1926) exposition oqhls Important concept. , , ' , ,,'
II The velocity arrived at 'bySandstrllm (11119) from hydrodynamic calculation are only reltJlln to the most neerly station

ary stratum of water, not absolute. This does notlessen their slgnl1iQliPce in the present case, for witI/. the whole c,olumn mov·
ing In the same direction the actual velocities would be somewhat greeter than the calculated. < ,

.. About 1.4 centhneter~ per secol1d, orQ.025 )[not per hour.
"Information contributed by Doctor Huntsman.
.. See Sandstrllm (1919, pI. 15) for the calculated velocities of these two lines ot drift.
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eddying in the extremely complex fashion that maybe expected to ·characterizethe'
zone.of contact between waters that differ widely in their physical character and in
their direction of flow.

Similar alternations between colder (and less saline) and warmer (and more
saline) bands have been reported on several occasions and at localities widely sepa
rated off the eastern seaboard of North America; but in most cases, at any rate,
these are transitory and rapidly changing phenomena; . The westward drift of water
close in to the upper part of the slope, just described, has, on the contrary, proved
characteristie' of the La Have Bank region; 'and so long as the dynamic motive for
this drift persists, the neighboring oceanic triangle off the mouth of the Eastern
Channel is supplied with slope water from the eastward. By this reasoning, the
current that flows into the bottom of the gulf via the Eastern Channel draws from
the slope water manufactured at about an equal depth on the Nova Scotian slope-'
chiefly between Browns and La Have Banks-not from shoaler or deeper strata.
there.

This conclusion is confirmed by the fact that terp.perature and salinity proved
very nearly the same .on bottom in the channel (34.7 to 35 per mille and 6° to 7° at
200 to 250 meters) as at equal depths on the slope between these two banks (34.6 to
34.9 per mille and about 7° to 8°) in July, 1914, in June, 1915, and. again in the spring
of 1920.46

Further evidence that the indraft into the channel is supplied from the east
ward, not from the westward, is afforded by the fact that considerably lower .tem~
peratures and salinities have been recorded around the eastern and southeastern
slopes of Georges Bank (po 714). In fact, there is reason to believe that the western
side of the channeUs the site of a dominant drift outward from the gulf (p. 974).

The cold band encountered off the southwest slope of Georges Bank by the
Grampus in July, 1916, and reported there in other summers (pp. 608, 919) may also be
credited with an eastern source, because its temperature and its salinity .both agree
closely with that of the slope water that is manufactured in the offing of Cape Sable
in early summer, as exemplified by the observations taken there in June, 1915, and
July, 1914 (p. 629; Bigelow, 1922, p. 166). Thus it owes its low temperature indi
rectly to the Nova Scotian current (and so to ice melting far to the eastward).

Why this southwesterly cold current was so much more in evidence along the
bank in 1916 than in 1889, 1913, or 1914 remains an open question, but it seems
probable that· some westerly movement of slope water takes place along Georges
Bank to a greater or less extent every spring as the Nova Scotian current floods to
its maximum velocity and volume. In some years (1'889, for instance, and 1916)
this drift persists into the summer, as seems to. have been the state in 1922, also,
when so many.of the bottles set out at the edge of the continental shelf in July
made long drifts to :the westward (p. 882). In other years (exemplified by 1914)
it seems to be obliterated west of longitude about 68° by July, as tb.e tropic water
advances toward the edge of the continent. But although so variable, the existence
of this cool band in some summers is extremely instructive as one of the several

liThe slope water was somewhat more saline at this locality at the end of July, 1916 (BJel'kan, 1919, Acadia station' 41), but
no observations were taken In the channel at the tlmll.
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evidences of the general tendency of the slope water to move westward from the
,Nova Scotian slope.

The slope water, moving westward, is forced against Browns Bank by the earth's
rotation. Consequently, with the Eastern Channel offering an open route for it to
the right, it is reasonable to think of a screwing motion as taking place into the
latter around the southerly and southwesterly slopes of Browns Bank so long as the
propulsive dynamic force resulting from regional inequalities of density persists over
the Nova Scotian slope to the eastward.

Additional evidence that the bottom water does actually move inward through
the Eastern Channel is afforded by the inequalities of density within the basin of the
gulf, where the surfaces of equal density (approximately horizontal in the upper
~o to 60 meters) show a considerable slope from the channel inward at depths greater
than 80 to 100 meters.

This density gradient in the deep water may be illustrated most graphically by
charting the depth to which it is necessary to sink in order to reach water of a
given value, choosing 1.027 as the most illustrative (figs. 171 and 172). The pre
cise upper contour of this mass of heavy bottom water has varied from month to
month, as might be expected. Thus, in June, 1915, the slope was steepest near the
entrance to the channel, with the surfac~s of equal density lying nearly horizontal
thence inward along the western arm of the basin. In July and August of 1914 the
the most abrupt slope, involving the whole column of water deeper than 50 meters
(fig. 171), was situated farther within the basin. A density gradient of the same
sort was again recorded in the eastern part of the basin in March, 1920, and a
weaker contrast (but one of the same order) between the channel, on the one hand,
and the inner parts of the basin, on the other, in April of that year, sufficient to
show it a permanent characteristic of the gulf.

The implication of a density gradient of this sort is obvious. Only by the
introduction of heavy water into the gulf via the channel could it be maintained
against the action of the hydrostatic forces that are constantly tending to make hor
izontal the surfaces of equal density.

The inflowing bottom current, which maintains the high salinity (34.5 to 35
per mille) of the deeps of the gulf,' thus corresponds, both in cause and in effect, to
the indraft of offshore water that has been recorded in many an estuary. The
gulf, in fact, is nearly as estuarine in this respect as it would be if the offshore banks
(Georges and Browns) were above water, and so actually inclosed it except for the
deep channels between.

In the preceeding discussion I have spoken as though this inflowing current and
the gradients of density that give rise to it were comparatively constant. Actually,
however, our observations on temperatures and salinity have revealed considerable
fluctuations in the volume of water that enters the gulf via this route at various
seasons and in various years.

It goes almost without saying that no sharpdistinction can be drawn in salinity
between waters of different origins, especially where' the water i~'stirred as activelr
as it is in the Gulf of¥a.ine; })utthe isohaline for ,34 p~r mille may be taken as
roughly outlining the" slope water" that has recently entered the gulf or that has
continued little altered during its sojourn there, if the product of an earlierin-vasion.
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So far as our records go, slope water of this high salinity reaches its widest
. expansion within the gulf in April (p. 737). The indraft through the channel, however,
seems to slacken during that month, for the bottom layer of 34 per mille water was

FIG. 17l.-Depth of the density surface (Isopycnobath) Cor 1.027; July and August, 1914. COlTected Cor compression

muel! thinIler in May 47 of 1915 than in March or April of 1920 (p. 754), and the area
occupied by it was .much less extensive... In that year (probably a representative
one) but little water can have moved, inward ,through the Eastern Chf!onnel during

:" In May, 1913, the bottom water of the w"tem ~p:l.oCtheba$iJ:I WB8more 8s11ne thail 34,permUls; t!lat oCthll._tern Jeea 80
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Mayor the first half of June, for salinities as high as 34.5 to 35 per mille were con
fined to the channel and to the neighboring part of the basin during the last half of
that month, with bottom values of 33.8 to 33.9 per mille in the inherbranches ofthe
latter...,.....western as well as eastern. A considerable indraft of slope water certainly
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t()ok pla~esho'ttly the.J;"eafter, ho'-Vever,' spreading inward over bot,~ ;M'Il).S ofth~.basitl,
where the salinity of the bottom water had again. risen above '34 per mille by the
end of the summer in a layer of eonsiderable thickness (p, 786)~ ..
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With Wof our 14 August stations as deep.aa180 meters (100 fathoms), or deeper,
also showing .bottom values higher than 34 per mille in J912,1913,aOO 1914,this
indraftis evidently characteristic.of .June or July. No doubt, however, it varies from
year to year, both in its se.asonal schedule and in its volume and:velocity,andthe
distribution of density (pp. 958, 960) i;lhows that in some summers,at least (as exempli
fied by 1914), a counterdrift develops thro.ugh the channel, out of the gulf, in
July, though perhaps only for a brief period.

In a summer when this inflowing bottom current is active, slope water may be
expected to occupy approximately the area shown in the contour chart for July and
August, 1914 (fig. 152), its boundaries, as in March less extensive than in April, 1920
(figs. 100 and 118), including only the two arms of the trough and the region of
their j unction instead of the whole central part of the gulf basin. .

By good fortune our records afford charts of the slope water at its maximum fOr
the respective months 48-the one representing a period of active inflow, the other the
tendency toward equalization that follows such a period.

Slope water is thus shown to enter the gulf from·midsummer on through autumn
and winter-but certainly in varying pulses-and to slacken or cease during the late
spring and early summer. It is not possible to outline its fluctuations in the gulf
more definitely than this from the data gathered so far.

ABYSSAL UPWELLINGS

Upwellings from the oceanic "abyss, if such occur, would be a second possible
source of water of high salinity and moderate temperature for the deeps of the Gulf
of Maine. Upwelling of this sort, in fact, has often been invoked to explain the low
temperature of the so-called" cold wall" (referred to here as "slope water"), as con-
trasted with the tropic water on its offshore side (Buchan, 1896). .

Thus, Pettersson (1907 and 1907a), for example, definitely classed the cold wall
along the North American littoral as an updrift over the continental slope from the
cold abyssal water of the Atlantic, having for its motive power the sinking of cold
water off Newfoundland. While this view has not found a very favorable reception,
both Schott (1912) and Krummel (1911) have believed that more or less upwelling
does occur along our coasts, at least in winter; while A. H. Clark (1914) has argued that
the cold water off Nova Scotia must receive something from the abyss to account
for the geographical distribution of crinoids.

The criteria by which upwelling from the oceanic abyss would be made recog
nizable may be stated in a few words.

In temperate zones surface temperature is perhaps the best index of this process
in summer, Jor in regions where the water wells up actively seasonal warming is
retarded, causing abnormally low surface temperature. Unless the upwelling extended
along the whole east coast of North America (a most improbable supposition) any
cold water welling up would be surrounded by a warmer surface to the north and
south of it as well as on its offshore side,as is the case off California (McEwen, 1912)
and off the northwest coast of Africa (Schott, 1902, pI. 8). At the same time there
would be a continuity ill salinity between this cold .water near the surface and the

.. 1020 was a salt March, coinparedwlth 1021; 1014 II salt SUmmer. compl'red with 1013.
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deep stratum that served as. the source for the updraft, as demons.trated by the dis
tribution of salinity off the coaist of Morocco (Schott, 1912, pI. 33). Offthe north
eastern American seaboard abyssal water would also be betrayed by its precise com~

bination of salinity and temperature, for while only moderately cold (about 4°), the
salinity of the Atlantic abyss is much higher (34.9 to 35 per mille) than thatoft\.D.Y
water on the continental shelf of like temperature.

The observations taken in 1912, on our first cruise, were enough to prove that;
the inner part of the Gulf of Maine received little if anything from this abyssal
source, its salinity being too low and its mean temperature too high.

The rapid warming of the superficial stratum, which takes place all along our
seaboard in spring from Nova Scotia to Chesapea.ke Bay (except in limited areas of
active tidal stirring), is, of itself, incompatible with any widespread upwelling of
abyssal water, unless this be confined to the deeper strata.. So, also, is the wide
variation in surface temperature from season to season; for any.considerable updraft
from the abyss would necessarily check vernal warming and so narrow the seasonal
range of temperature. The profiles which the Grampus, Acadia (Bjerkan, 1919), and
Albatross have run across the continental shelf between Chesapeake Bay and the
Laurentian Channel have produced a large body of evidence to the. same general
effect; particularly welcome because upwelling had been postulated more on theo
retic grounds than from first-hand observation, previous knowledge ofsubsur.
face salinity on the continental shelf between Cape Sable and Chesapeake Bay
being virtuany nil. None of these temperature profiles for the summers of 1913,
1914, 1915, and 1916 (Bigelow, 1915 to 1922) yield any evidence that abyssal water
ever tends up the slope, much less reaches the continental shelf at that season. To
the west of Cape Sable, in fact, the coldest water in on the shelf has been separated
from the low temperatures of the water oftha deeps by a somewhat warmer zone
washing the edge of the continent bottoma.t intermediate depths in most cases
(p. 617). The corresponding salinities ha.ve been no more compatible with upwelling
either at the time of observation or shortly previous, the coldest water on the shelf
being in every case much less saline (below 33.5 per mille) than the level of equally
low temperature outside the edge of the continent (34.9 per mille, or higher, at all
seasons). ' .

As I have discussed this question in detail in earlier pUblications (llH5, p. 258;
192~, p. 166), I need only add here that none of the observations taken by the Bache
off Chesapeake Bay in January, 1914 (Bigelow, 1917a), by the Grampus between
Marthas Vineyard and Chesapeake Bay in November, 1916 (BigeloW', '1922); or by
the Albatross off the Gulf of Maine in the spring ot 1920, show any mote evidence
of abyssa.l water reaching the continental shelf than did the earlier observations.

The only route we need consider, then, by which abyssal Water might, perhaps,
enter the Gulf of Maine, is the Eastern Channel; but the preCise combination of
temperatures and salinities recorded in its trough for the months of March, April, June,
and July (6.07° to 7.2° and 34,6 to 35·.03 per mille), c()mbined with the general
distribution of salinity and. temperature within the gulf, points to quite a different
source (the slope water) .for the intermittent current that drifts inward over the
bottom of the channel, as is discussed above (p. 842).
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,''I'b.edistribution of density must, in fact, strongly resist any force l suc~'alt

offshore winds driving the surface water out to sea, which would tend to draw abysSal
water upward over' the continental slope abreast. the Gulf ·of Maine; for in e~
case we have found a decidedly stable state of equilibrium prevailing there. In factJ
most of our cross sections of the outer part of the continental shelf abreast the gulf
and to the eastward show a general dynamic tendency of quite a different sort...-.;
namely, one leading to the development of a drift of the inner slope water toward
the west (p. 847), while a counter drift of the outerslope water (or "inner edge of tluJ
Gulf Stream") toward the east has often been recorded. .

In'short,continued observation has not adduced any evidence that water from
the ocean deeps ever wells far enough up the continental slope to reach the Eastem
Channel, much less to overflow the offshore rim of the gulf.

This conclusion does not imply that upwelling may not take place over the
lower part of the continental slope from the Atlantic abyss. On the contrary, much
evidence has accumulated: .to the effect that some such process is of wide occurrence
along the lower part of the slope, below, say, the 500 to 1,000 meter level, westward.
and southward from Georges Bank. Perhaps the clearest evidence of this is afforded
by a profile run from Chesapeake Bay to Bermuda by the Bache in January and
February, 1914, when the uniform. abyssal water (about 4° in temperature and 34.9
to 35 per mille in salinity) was banked up against the slope to within 1,100 to 1,200
meters (Bigelow, 19170., figs. 11 and 12). This also appears on a profile run by the
Dana from Bermuda to Norfolk, Va., in,May,1922 (Nielsen, 1925, fig. 4). But no direct.
evidence has yet come to hand that waterfrom tkis deep source ever reaches the e<)n~

tinental shelf of eastern North America in volume sufficient to affect the temperature.
or salinity of the coast waters}9

In denying the occurrence of abyssal upwelling as a cause of low temperature
in the Gulf of Maine, I do not refer to upwelling from shallow water along, shore..,....
a common event, which often exerts an immediate effect on the temperature and
salinity of the surface water in the vicinity in spring and summer, as descrihed in an
earlier chapter(p. 550).

RECAPITULATION

The Gulf of Maine .incloses a sector of the typical ';loastwise water of the north·
we~tern Atlantic, receiving its ,most important accessions periodically fromth~

following sources: Slope water of high salinity (close to 35 per mille) and close to 6°-8,°
in ·telpperature flows intermittently into the gulf ,as a bottom current, as it does
also into the, Gulf of St. Lawrence and into other,·sijl.aller d~pressions on the conti
nental s.~elf. •There is strollgevidence that the slppe water that reaches the QuIt
of Maine has its source along the. Nova Scotian slope to the eastward. The cold Nova
Spotian current, brmgs.8. lll.rge. volume of ,waterof1 low salinity into the gulf from
the .eastward, past Cape Sable, in spripg, as. a surface qrift ;but this c:urrent slackens,
Or ceases altogether ato,ther tip}es of year.. ' rr':qe gulfal,so receives 'a, surface drift
from the offing of O,ape ~,abl~, ip.to the GOIllP9sitionpf which ,coldbanks water froIll th~
east, slope water from. U~e. $c9tianeddy, an.d tropic wateral~enterin proportions
that can not yet be stated. ' , . ',' . , . , .

.. For further discussion of this sUhJect as it concerns the Qulf of Maine, see Bigelow, 1915, p. 255, and 1917, p. 239.
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,At most times there is no dominant drift, into the ~ gu1f acr()'SIFG~orges Ba~,:

but on rare occasions overflowso! tropic.,water take place at. the .surf,..ee, probaQly
via that· route.

The discharges of various rivers, added to rainfall, contributeannu.$.llyto the
gulf sufficient fresh. water to form a layer half a fathom thick over its inner parts
out to Georges Bank. ,The gulf also receives annually a.blallket ofrain water about
a foot in thickness, in excess of the amount withdrawn by evaporati~m.

The .gulf discharges water as a surface current around Nantucket Shoals to the
westward ;to some extent around the eastern end of Georges Bank, wand so out
through the EasternOhannel.

It is not likely that the gulf ever receives water from the oceanic abyss, by
upwelling,<or directly from the Labrador current.

CIRCULATION IN THE GULF OF MAINE

Study of the circulation that dominates any part of the sea can be attacked in
two different ways: (1) Directly, by observation with current meters or drift bottles,
byships' log books, and by interpreting the distribution of salinity and temperature,
or (2) indirectly, by calculation of the hydrostatic forces tending to set the water in
motion. The second method has greatly concerned oceanographers of late, and its
value can hardly be overestimated in the study of ocean currents in the open sea; but
its application to the Gulf of Maine is complicated by the disturbing factors intrq
duced by the irregular contour of the bottom, the limiting coast line, and the strong
tides, which not only produce currents of considerable velocity, but are constantly
altering the slope of the surface. Itis fortunate, therefore, that the following account
can be based on the more direct methods of observation, supported by consideration
of hydrodynamic forces as causative agents (p. 930).

TIDAL CURRENTS

No one can sail the G]llf of Maine without soon learning that itstid&,l currents
fun so strong .that they must always be taken into accountincoastwJ,se navigation.
Their velocities are so great, in fact, in most parts of the gulf, &,t the strength of ebb
and flood, that for the ordinary observer they entirely obscure any dominant or
nontidal drift that. may be in progress.

No attempt has been made to add to the knowledge of the. tides during our
survey; but the following brief statement, condensed from the Coas.t Pilot, the
tide tables and current tables of the Atlantic coast published by the United St&,tes
Coast and Geodetic Survey (1923 and 1926), from the investigations of the Tidal
Survey of Canada (Dawson, 1905 and 1908), and from other scattered sources, may
be of interest.51

The flood, at its strength, runs northerly, the ebb southerly, along the whole line
between Nantucket Shoals and the Northern Channel and likewise in the basin to

.. For discussion or the disoh8tie Crom the gulf See p.974. _
II In 1912 the GramplU recorded the velocity or the current near the mid-period or flood or ebb, hoping to learn the approx!:

matlon or the direction and velocity at Its strength. The value or these measurements Is discussed in an earlier rewrt (Bigelow,
~~m . .,
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the north (Mitchell, 1881; Harris, 1907, pI. 7). This is alsO the Case along the west
coast of Nova Scotia on the one side of the gulf and along Cape Cod on the other;
but the flood runs westward into Massachusetts Bay. as might be expected from the
trend of. the coast line,drawingsouthward around the tip of Cape Cod into Cape
Cod Bay. There is also a floodcurrent·from the westward into the latter, resulting
from a division of the tidal wave as it strikes the shore line at Manomet Head just
east of Plymouth.

The promontory of Cape Ann a.lso marks a division in the tidal streams; for to
the northward of it the flood, setting westward in toward the land,veersto the north,
paralleling the coast as far as Cape Elizabeth; to the eastward of Casco Bay the
general direction of the flood at its strength is NNE. toward and through the Grand
Manan Channel, complicated, however, by the flood currents setting into the bays
and rivers. At the mouth of Casco Bay, for example, the tides flood to the north.
In the Bay of Fundy the flood sets generally toward the northeast (i.e., inward).
. In a general way the ebb, at its strength, is the reverse of the flood, setting out
of the Bay of Fundy in a generally SW. to SSW. direction and around the coast of
Nova Scotia to the south and southeast. Along the coast of Maine, from the
Grand Manan Channel to Penobscot Bay, the tide ebbs -southwesterly; southerly
off Casco Bay. In Massachusetts Bay the ebb is generally eastward; southerly
along Cape Cod.
. Generally speaking, the velocity pf the ~idal currents is least along the ~ector

of coast bounded by Cape Cod on the south and Casco Bay o~ the north, where
velocities lower than 1 knot· have been recorded at most of the observing stations
for the flood at its. strength. But the tide flows much more strongly. (up to 1.8
knot) around the tip of Cape Cod and at the entrance to Boston Harbor. The
Bay of Fundy stands at the other extreme, with velocities rising to 2:5 to 3 knots
in the Grand Manan Channel; considerably higher even than this near the head of
Minas Basin and elsewhere near the head of the bay. The velocity of the tides
at strength ,is about 1 to 1.6 knots along the southern rim of the gulf; 1.5 to 2 knots
along the west coast of Nova Scotia and out to the neighborIng side of the basin.

The rise and fall of the tide is greater in the Bay of Fundy than anywhere else
in the world; on the' other hand, the tidal amplitude is certainly small over the
offshore banks, though the rise and fall has not been measured there as yet.

The following summary of the rise and fall at representative stations, taken
from th,e tide tables of the Atlantic coast (United States Coast and Geodetic Survey,
1926), will illustrate the transition from the mouth of the gulf inward along its two
sides for ordinary. tides:

Locality

WESTEllN BIDE

Outer shores of Cape Cod_.__ 'o _

Provincetown _. • _
Gloucester _
Portland . , _
Bar Harbor, Mount Desert • _
Cutler (at western end of Grand Manan Channel)_

Rise and
(all o( tide,

In feet

4.3- 7.1
7.5-11.1
7. 2~IO. g
7.9-11.3
9.2-12. 6

12.9-16. 3

Locality

J:4STlIllN SIDE

ShelburJ1e, Nova Scotia .. • _
Yarmouth, Nova Scotla • •

BAY OF FUNDYSt. John _
Digby . • . _
Head of MfnBll Basin • _

Rise and
fall of tide,

in feet

6./1- 7.9
16.3-17.7

23.7-25.1
27.2-28.6
43.7-60.1
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In the preceding summary of the tidal currents, directions and velocities are
given for the flood and ebb at their strength. In some localities the. direction con
tinues virtually constant throughout ebb or flood, as the case may be. In most
parts of the gulf, however, the current is to a greater or less extent a veering one,
and there is some difference in velocity between flood and ebb. The resultant of
movement by which any particle of water would fail to return at the end of any
given tidal period (averaging 12 hours and 25 minutes) to the. position from which
it started its journey, is the dominant drift. The name "nontidal" is commonly
used for this; the other appellation just given is preferable, however, there being
some evidence that the dominant drift which we have been able to demonstrate for
the Gulf of Maine has its source in the tidal currents.

On the high seas, where tidal currents are weak and the dominant drifts are often
stronger, the ocean currents, as we now know them, have been charted chiefiyby diges
tion of th~ drifts reported in the log books of passing ships. This source of informa
tion has failed to demonstrate any dominant set (as distinguished from tidaI-currents)
in the Gulf of Maine, as might be expected where the tides are so strong and the
resultant movement, if any, comparatively so weak.

MEASUREMENTS OF CURRENTS

A considerable number of measurements of the tidal currents have been made
in the Gulf of Maine by the UnIted States Coast and Geodetic Survey at the follow
ing localities: Portland lightship off Cape Elizabeth, near Cashes Ledge, three sta
tions between Cape Ann and Cape Cod at the mouth of Massachusetts Bay, Boston
lightship off Cape Cod, many stations at the mouth of Nantucket Sound and in the
region of Nantucket Shoals, Nantucket lightship, and at a series of stations situated
along the southern rim of the gulf from the South Channel to the offing of Cape
Sable.
, The Tidal Survey of Canada, under Doctor Dawson's direction, carried out an
extended survey of the tidal currents at 19 stations distributed around the Nova
Scotian coast from the offing of Shelburne to the Bay of Fundy, and within the
latter, in the years 1"904 and 1907 (Dawson, 1905 and 1908).

One current station also was occupied off Gloucester by the Albalro88 in March,
1920 (station 20051); and measurements of the velocity and direction of flood or ebb
were made by the Grampu8 in the summer of 1912 at several localities in the western
side of the gulf.

Thus, the western, southern, and eastern sidefCl of the gulf are so well covered
that these measurement~ could hardly fail to reveal the dominant set (if there be
any) for that part of its periphery; but no systematic study has yet been made of
the tidal currents along the eastern coast of Maine between Portland and the
entrance to the Bay of Fundy.

Before proceeding to analyze these data we may first consider briefly what sort
of information they may be expected .toyield.
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Readings of the CtitrBJit meter (drthesim})~vrne"thtktof employing a float)
give the rate of the current over a known interval of time and its direction.52 These,
then, are 'reduced to average velocities and directions for each tidal. hour after the
time of high water at some neighbOring, station of reference,' and it is in this form
that they appearinthe current tables published in the United States Coast Pilot
(UnitedSMtes Coast and Geodetic Survey, 1911,p.151) and in the current table~

for the Bay of Fundy (Dawson, 1908). In aU such tables the direction, stated is
that toward which the current flows, referred to:thetrue meridian.' In other words,
a 'Illortheast "current is just the opposite of aHnortheast"wind.

To plot the course ,,,hich an imaginary body, floating in the water, would travel
during the per-iod from one high tide to the next, is perhaps the most graphic way
to bring out the existence or absence of a dominant drift at any given locality. ' If
the flood and ebb currents are exactly opposite in rate, duration, and direction,
such, afloat would return precisely to its 'starting point, for there would, ,be no
restiltant drift. In all probability, however,this would never happen in any part of
the Gulf of Maine. If, with ebb and flood opposite in direction throughout· their
respectiv~duration, one were stronger than the other, a dominant set would result
parallel to the direction of the stronger. This condition is to be expected in nar;'
row channels, such as the Grand Manan Ohannel, and close in ,along some parts of
the coast line; but in most parts of the gulf the direction of the tidal current
changes from hour to hour, rUIlning ina comparatively constant direction for only a
few hours when ebb or flood is at its strength. In some localities the tidal current
is perfectly rotary, with its direction veering uniformly throughoutthe half-tidalday.
Such a state, for example, is to' be expected about 16 miles to the eastward of Nan:..
tucket Shoals light vessel ({Jnited States Coast and Geodetic Survey, 1912, p. 10).

In the Gulf of Maine and on its offshore banks tidal currents veer always to
the right-Le., with the hands of the clock-most rapidly, in most cases, at the
times of high and low water. Thus, a particle of water or any floating object, such
asa buoyant fish egg, drifting during a tidal period, would follow a cOurse varying
in different parts of the gulf from a closed circle (bringing it back close to its
starting point), through various types of veering spirals, to courses nearly opposite
in direction for the two tides but unequal in distance. In most parts of the gulf,
therefore, any such floating object would not follow the dominant or nontidal set
directly, but in a zigzag or spiral course, traveling a much greater distance in the
daily tid.al components than the distance made good along the azimuth of the non
tidal set.

The dominant set that results from a veering current maybe deduced in various
ways. If calculation be preferred, an approximation is easy with the ordinary navi
gational traverse tables in precisely the same Wfl,y the navigator calculates, froJD
his dead reckoning, the distance and courRa mf!.de I!ood for the day.

In most cases a graphic method of summation is to be preferred. The following
(now in common use and recently described in detail by Mavor (1922» is, perhaps,

.. It should be borne lu mind that in tabular statemeuts of currents the words" velocity" ,and "qistanc,e ',' are not synony
mous; for, obviously, if the current is tlowing at a rate of 1 mHe per hour at one hour, and at 2 mHes per hour an hour later, the
distance made good during the interval is neither 1 mile ,nor 2 miles, but the mean of the two, 'rhls caution Is added because
some of the pUblished tables of currents have been ambiguous in this respect.
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the most convenient and yields approximations 'close erioughfor mOst' purposes: Lay
down a meridian, marking it N.and S. Then'simply plot; to scale, the&verage
distanc8cand.direction of the current for each sucoessive hour, as suc~ssive lines,
giving to each the correct compass bearing, commencing with high water as the
startin.g point. Then the distance by which the location reached at one high water
fails to coincide with the preceding high water, measured by the same scale, gives
an approximation to the.distance covered by the dominant set in one tidal day.
The angle bEltween the line connecting the two and the meridian first laid down
gives thl'lapproximate·direction.63

It is obvious" that' the smaller and more frequent the time intervals for which
the mean velocity and direction are determined bythe current meter, the closer will be
the approximation yielded by this method of graphic summation, or by any other.

The work of the two governmental surveys just mentioned (of Canada and of
the United States) has been directed primarily to the study oLthe tides as these
affect navigation. Mitchell (1881), however, showed that resolu.tionof the periodic
observations at !ltations in the South Channel, on Georges Bank, and in the Eastern
and Northern Channels demonstrated a dominant or nontidal drift at eVery station,
in some cases of considerable velocity. A nontidal drift has also been published
for many stations off Cape Cod and in the region of Nantucket Shoals (United
States Coast and Geodetic Survey, 1912, chart to face p. 9), as well as for the vicin
ity of Cashes.Ledge (Harris, 1907), long before the general importance of these
drifts in the general circulation of the gulf was appreciated.

Dawson (1905, p. 16), on the other hand, believed that the currents in the east
~rn side of the gulf were strictly tidal, showing no "general movement of the water
in anyone direction in this region which is at all well marked." Mavor (1922),
however, on submitting Dawson's current tables to the method of graphic summa
tion described above, found that a dominant drift was demonstrable at every station,
varying in "distance made good" for a single tidal period from about 1 mile to
about 672 miles. Dominant drifts of greater or less magnitude also result from tidal
measurements taken at Portland and Boston lightships by the United States Coast
and Geodetic Survey and at our Albatross station' off Gloucester. The number of
current stations is now so considerable that the presence of some such set is certainly
characteristic of the parts of the gulf which they cover.

Some resultant drift in one direction or another is, in fact, to be expected any
where in the open sea, set in motion by the temporary effects of the winds alone,
if from no other cause. Whether or not such drifts as are revealed by measurements
of the tidal currents can be interpreted as evidence of a dominant movement of the
water as a whole depends, therefore, on their relative constancy at given stations and
on whether they ,are consistent in direction, one with another, over considerable
areas.

This last criterion can be tested most readily by plotting on a general chart of
the area the dominant drifts calculated for the various stations.

The current arrows on such a chart for the Gulf of Maine (fig. 173) show this
requirement met tOR deg'reesomewhat surprising when we remember that theobser
vations were sclltt(lred through a long series of years and that'the~'setsnat 'the

"It is convenient to use a position plotting sheet, such as can be had from any dealer In navigational supplies.
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individual stations varied widely in their duration, some being continued through sev
eral successive months and others only for a few days. Even if nothing else what
ever were known of the movements of the water in the Gulf of Maine, these arrows

40 +

71" . 7tr

+

69' 88"

+-

87' 88'

FlO. 173.-Direction and velocity, in mUes, of the non-tidal current, per tidal day of.24 bolUs and 50 minutes, at stations
of the United States Coast and Geodetic Survey and of the Tidal Survey of Canada. The feathered arrow Is for the one
Albalr088 station (200IH) " .

would of themselves be,strong evidence of agenera,l tendency inward and northward
a,lo:Q.g the .western;shQr~~oLNova Scotiaandqut to the southea,Stward past Cape
Cod and the Nantucket Shoals region for the summer and autumn months when the
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current measurements were taken." Mavor (1922, p. 109) has already emphasized
the inward movement thus indica.ted around. Nova Scotia and so into the eastern
side of the Gulf of Maine. The drift to the westward past Cape Sable is shown to
be irregular, however, and perhaps intermittent, for a very rapid dominant drift
toward the west of about 12 miles per day, at Dawson's station R in the offing of
Cape Sable, contrasts with contrary and much weaker resultant currents at two local
ities nearby (Dawson's stations P and Q). In the same way the water in the offing
of Shelburne was setting strongly in toward the shore on June 25 to 29, 1907, showed
no dominant drift in any direction at a neighboring station two weekS later,55 but
was drifting toward the southwest at a rate of about 8 miles per day on July 27 to
28,1914 (Bigelow, 1917, p. 203, station 10231; current measurements at 6 meters
depth with Ekman current meter).

The most that can be said is that the current arrows show some movement to
the westward past the cape at times during the summer.

The general tendency northward along the western shores of Nova Scotia, toward
the Bay of Fundy, is decidedly impressive, because not one of the arrows,as calcu~

lated from Dawson's tables (1908), runs counter to this rule, the only exceptions
being two (his stations Land M), which point almost directly in toward the land.
The arrows also show the water drifting into the Bay of Fundy along its southern
(Nova Scotian) side, then turning northward toward New Brunswick and out again
to the Emstward and southward.of Grand Manan. In the channel on the northern
side of the latter, however, the water has been found to set inward toward the Bay
of Fundy, suggesting a clockwise circulation around Grand Manan, which corrobo·
rates the local report that the flood current predominates over the ebb along the
eastern part of the coast of Maine (Coast Pilot).

It is unfortunate that no measurements of currents are available for any points
between the Bay of Fundy, on the east, and Portland lightship, to the west, for·the
tides run strong along this sector of the coast line.

At Portland lightship the currents are weak but slightly rotary (United States
Coast and Geodetic Survey, 1923, p. 69).

The Coast and Geodetic Survey has supplied the following statement of the
dominant (nontidal) set for several 29-day series at this location (lat. 43° 31' 30,"
long. 70° 05' 38").

Duration of series
Rate Per
day (24
hours)

in miles
Direction 'Duration of series

Rate per
day (24
hours)

In miles
Direction

Oct. 3-31. 191,3__ -.----- •• _. ••__••• 11.3 8.67° W. JUly 1-29. 111111••••__•••••••__•••• •••• 2.4 N. 62° E.
Nov. 1-29. 1913 ••• •• .1 9.6 8.31° E. Anc.I-29.11119....._••••••••_. •__••••_ 2.2 8. 74° W.
Nov. 3O-Dec•. 28. 1913 • 1 11.3 8.11° W. Sept. 1-:29. 1919.__._ __ •••__••_ .5 N. 47° E.
1une 1-29. 1919._•••••••••_.~••••__ .._•• _1 4. 3 8.36° W. Oct. 1-211. 1919.,••••_._._~J _._... 1.7 N. 68° E•

.. So tar as I have, been able to learn. the only winter measurements m.ade In the Gult of Maine have been at Nantucket
Bhoals Lightship and one A100tr0f8 station olf Oloucester (station 20061. p. 857). '

II The resUltent drlftator these two stations (Dawson, 191J6 and tllllS. statatlons SandT) are taken tram ?,{avor'schart:(I922,
PI. IV).

8951-28--15
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It is natural to think of the wind as partly responsible for these variations in
the direction and velocity of the drift, .' a.nd this is' borne outby the, following table
giving ~thewind movements and directions a:tPortland, Me., for, each month; and
the resulta:nts calculated therefrom by ,traverse table~; 68 ~

Wlndmovenient, mlles

Resultant
NW.N.

Month
NE., , E. '8E. 8. SW. W.

~----,---,---,---,-----------,,---,..--,-"I---,--,,~,----,-,---- -,-''--, -'--, ------ ------1-----------,--..".,.

ii:iff:~~~1;~~====:~==;;~======~:·~mm ~ .~ ~i tm .,§ ki f~~:~~
August, 1919_______________________________ 382 382 623 505 1,465 863' 535 ll83 8.33· W;. 1,247.
September, 1919 c__ 600 575 485 462 2, 088 638 504 1,097 8.27· W., 1, U8.
OCtober; ,19111 :.___________________ 695 '07 449679,' I, 100 '870 758 1; 020 ,S. 73· W., 1,073.

When'the directions and velocities of winds and currents are compared' for the
individual months it becomes clear that the drift is not purely a wind current, though
considerably affected by the wind. With winds' prevailing from 'anywhere between
north and 'west, the drift has a southerly component, driven ea:stwardand offshore
bystl"ong west winds (as in November, 1913), bl1tsetting toward the southwest,
when the average wind direction is between north and west. It is when drifting
southward (whether with' an easterly or a westerly component) duringpel'iods when
winds prevaill>etween west and north that the surface set atta:ins its greatest daily
velocities of9 to 11 miles per day.' By common knowledge this applies also during
northeast winds. During the'one month (June, 1919) when south winds prevailed,
the current ran, none the less, toward the southwest; though held back by the head
wind to an average rate of only about 4 miles per day~ The dominant drift was also
very slow (0.5 to 2.4 miles per day) during the three months when southwesterly
winds prevailed, setting against the wind '(WSW.) for one month,but with the wind
(between north and east) during the other three~

According to this correlation between current and wind, the direction of the
nontidal current at this station is between WSW. and SE.and reaches a considerable
velocity when westerly or northerly winds prevail; but its inhererit stength is so
small that southerly winds greatly reduce its velocity, or may even reverse it and
produce a slow surface drift toward the northeast.

The wind table for Portland (p. 965) shows that the average direction of the wind
there, from early autumn until April, is between nort'P.west and a few degrees south
of west; 57 Consequently we may assume that the dominant sets recorded at the
lightship for' the months of October, November, and December are representative
for autumn, winter, and for tllefirst two months of spring. These combined (by
the traverse tables) give a resu1tant movement toward the south and west (8. 15°
W.) at an average rate of about 8mileEip~rday. In spite olthe prevalence ofsouth
west winds in'summer the resultant ,of the combined drifts for June, July, August,

II From data supplied by the United States Weather Bureau. The dIrections are those frQlIl which thll wind blows, as In
every~ay parlance.

" Calculated on a time-percentage basis.
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~nd September (similarly repre"lilQ.ta,tive of,that season) is a; veryuJlow,settoward
the sOQthwest at less than 1 mile per day. If all the sets for, all-the months.be
ooll1binedl the resulta,nt d.rift.is towa.rd the south by west 72 west (8. )8~}W.), a.nd
its average daily rate, about 3% Inilesper ,day, .

The underlying dominant drift at Portland lightship. is thus shown to be.south~

erly,so far as the general transference of water is concerned, a.nd it is so shown OIl

the cha.rt.Westedy winds may give it an offshore (ea.sterly) component;. and per
sistent 'southwesterly winds, such as prevail in. summer, may reverse, the .drift, drivl"
ing the -surface water to the northward a,nd eastward. Suchreveraals,however,8if6
only temporary, and while operative produce drifts much slower than the domiP:ant
southerly movelll.ent. It is only while the -n<>ntidal current is setting to.waJ:d·the
southern half of thec<>mpa.ss that it has velocities of 4:. miles per day. or gret.ber. ;:

No measurements have been made of thecurrentsbetweenPortland,lightl3hip
and Cape Ann, but observations taken by the United States Coast Surveya.t.a point
,10 miles southward frQm Cape Ann, on September 27 flond28, l877(U. ,S.-'Coast
Pilot, 1911, p. 151), showed a dominant set of abou.t 3 miles per day toward the
WNW. (N. 66° W.) for that particular 24 hours. Jrourte~n miles to the sOllth
eastward of this we found a dominant set of aho'llt·5.4 miles per day toward the SSE.
(S. 26° E.) at a depth of 5 meters (with the Ekma.n meter) on March land 2,1920
(station 20051, p. 857). These drifts, approximately at right .a,ngles w.each other,
probably represent the dominant tendency at their respective locations more closely
than might have been expected of one-day sets, because. drift-bottle ,expel'iments also
indicate a tendency inshore and into Massachuset.ts Bay.from .the inner of, these .two
stations (Coast Guard station), southerly across the mouth of the bay from the
outer (p. 890).

At .Boston lightship (situated near the head of MassMhusetts Bay, about 9
milea off the mouth of Boston Harbor) there is a very slow dominant drift toward
the eastward, a 29-day series of observations (from September 24 to October 22,
1913) giving a resultant of about 2.6 miles per 24 hourstowa.rd the S. 6° E., while a
second 58-day set (October 28w December 19,1913) showed a dominant drift of about
1 mile per day toward the N. 24° E.58 These two combined point to a general
dominallt movementof the surface stratum toward the SSE. (S. 25° E.) at the rate
of slightly less than 1 mile per day, and it is sO shown on the chart (fig. 173). A
dominant set outward from the head of the hay toward. its mouth is thus indicated
in its southern side, but one governed so much by the direction of the wind that the
surface water may make but a short distance good in this general direction over flo
considerable period.

The dominant drift at a station in the cha,nnel, between the tip ofCape(l()d and
Stellwagen Bank, where the tidal currents were measured by the Coast Survey on
August 24 and 25, 1877 (Coast Pilot, 1911, p. 151; lat. 42° 07', long. 70° ,15'), was
toward the N.. 53° E. at a rate of about 4 miles per day, with about 5 miles per daY
(2.5 miles for 12 tidal hours) toward the N. 36° E. on the. southern side of Stellwa,gen
Bank, a- fewmiles to the northward, on September 17,1855 (Coast Pilo.~,1911,p.

151; lat. 42°10', long. 70° 16').

"Information supplied by U. B. Coast and Geodetic Survey. .
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The directions and velocities given on the chart (fig. 173) for the stations off
Cape Cod and in the region of Nantucket Shoals are copied direct from the Coast
Pilot (1912,chartto face p. 9; based on observations taken by the U. S. Coast
and Geodetic Survey). A south-southeasterly drift of about 12 miles a day at 8.

station 7 miles off Nauset Light illustrates the general tendency toward a south
erly movement of the water along Cape Cod, mentioned in the Coast Pilot. Obser
vations tAken at the Pollock Rip lightship and. at Round Shoal lightship, at the
entrance to Nantucket Sound, from June 20 to September 14, 1911, have also brought
out dominant drifts toward the southeast at rates, respectively, of 9 to 10 and 2 to 3
miles per 24 hours. By this evidence,corroborated by bottle drifts (p. 886), the sur
face water sets southerly across and out of the eastern end of Nantucket Sound., not
into the latter. This is corroborated by an east-southeasrerly set of about 7 miles per
24 hours, recorded at a station 4 miles within the sound (2 miles south of Handker
chief Shoal lightship).

Sets of varying duration, taken by the Coast and Geodetic Survey at 11 stations
iii the general region of Nantucket Shoals, show a general dominant set between
south and east, roughly paralleling the chief axis of the shoal ground, at rates
varying from about 2 miles per day to about 14 miles (average about 3 miles).
Howe'\Ter, this is complicated by evidence of subsidiary eddying movements, such
as might be expected over this uneven bottom, where strong tidal currents are
complicated by' rips and deeper channels.

Earlier studies pointed to the conclusion that the tidal currents at a point about
16 miles to the eastward of Nantucket light vessel are not only rotary but run at
an equal velocity at all hours (Coast Pilot, 1912, p. 10); and it seems to have been
taken generally for granted that there is no dominant set at the lightship,which is
situated about 10 miles to the southward of the 40-meter contour of the shoals and
42·, miles,·SSE. from Nantucket Island (lat. 40° 37', long. 69° 37'), but that the
currents there are purely tidal. This, however, is contradicted by 19 sets of current
measurements, each of 29 days' duration, taken at this lightship by the United States
Coast and Geodetic Survey in the months of June, July, August, September, October,
November, December, February, March, April, and May of the years 1911,1912, and
and 1914, tabulated below.5g In 13 cases a dominant set results toward the north
and westia set toward the south and east in four; and one series showed rio appreciable
set in either direction, as tabulated.

Dominant set at Nantucket lightship for various months

September-October, 1913 ••__ N. 89° W._••_._. 5.3
DO.••••• • •__.• N. SOo W • ._ 8. 2

Octo!;ler, 1913 •••• ._••_ N. 86° W _•• _, _._, 5.3
November. 1913•••• __•• ._._8, 68° E ._ ••• 2.4
DecemberI1913. ••_.______ 8; 44" E_•••••••••~ 4. 0
}'ebruary, 1914••__ • • B. 51° E_. .__ 2.9
March, 1914__, • __c. B. 40· E••••••• 1.0
April, 1914 ._. __•__. • N. 75° W. .'_ 1.4
May, 1914•••• __••..'••••_._••__•• N. 62° W••_~..... 4. 3

Direction or doml· Drift per
nant set 24 hoursMonth and yearMOJl.th aIId year Direction or doml'j Drift per

nant set 24 hours
--,...-11--'----,.-------1'------1---

JUJl.e, UI14. ••__••_•• ••••• N. 46° W __ ••• _·__ • 2,2
Jun&-July,1914__••_.'•• N. 55° W ._____ 2: 2
June-July,191L•••••_c ._..._~ N. 5° E, ._ .. 1.1
July,19H • • • N.53° W •__.__ 2.7
July, 1911•••__._.:'••• ._•••_ N. 25° W __ • ._ 1.9,
August,1914._•• ~c N. 45° W 4.8
August, 1911._••••• • ••:. .• N. 53° W • .__ 3.8
August~8eptember,1.91l-----.--N. 45° W .• 2. 4
8eptember, 11114._••• •••• __•• N. 74° W. .___ 7.4

" Data supplied by the U. 8. Ooast aud Geodetic Burvey.
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Analysis of these sets shows a dominant drift toward the north and west. (aver.. ,
age direction about NW. by W.) during the spring, summer, and early 'autumn,'
averaging about 3,4 miles per day; but about as strong a southeasterly set (3 miles
daily) during the late autumn, winter, and early spring, averaging about S. 500 E.in'
direction. If January and February be credited with about· the same dominant
drift' as is recorded for December and March, the average set of water for .the year
works out at about 1.3 miles per day toward the N. 74° W. The rate hll.8 aver
aged lowest (less than 0.1 knot) from March through June, and drifts as strong as
0.2 knot have been recorded only during the months from August to December, a
fact of some interest in connection with the discharge of surface water from the gulf
(p. 974). This series of observations gives evidence of a. considerable balance of
movement of water toward the WNW. past the southern slopes of Nantucket Shoals,
and whether the set be in that direction or toward the southeast, it is away from
the gulf in either case.

This seasonal reversal in the direction of the dominant current is probably
caused by the wind, with the southeasterly drift of winter reflecting the prevalence
of strong northwest winds at that season; but the fact that the summer drift toward
the west or northwest is not parallel with the prevailing southerly and southwesterly
winds, but at right angles to them, reveals the dominant tendency for the water here
to move westward.

Current measurements taken at eight stations along the southern rim of the
the Gulf of Maine by the United Sta.tes Coast and Geodetic Survey in 1877 show
in each case a considerable nontidal resultant; and the indicated drift at anyone of
these may have been affected by the wind, for all were of short duration. However;
they pro'\Te so consistent with the theoretic 'expectation of a clockwise movement
around a shoal(p. 972) that they are probably representative of the prevalent sum
mer state. The resultant drifts, as calculated by Mitchell (1881, p. 189, table 8),
are as follows:

South ChanneL_~__•. ._••_••__•__• • •• N. 310 E _
Northwest slope of .Georges Bank•• ..... ._. ••_._._. N. 790 E'. _
West side of Georges Shoals • ••_•• • N.70o W' _
East side of Georges Shoals. • •• .----------- S.14° E • •__ •
East end of Georges Bank • .. S. 420 E ~ _
Eastern ChanneL .~ • ••..__•__• •• • •__------_•• S. 76° W? _

Do.. • •• ._••_.__ ~•• • . __• N. 51° W •
South side of Northern ChanneL .. • • ~ S. 51° E __ • •
North side of Northern Channel •• • • . S.59° W ~ •

Sta- :Latitude :Longl·
tlon tude

- ---
0 , 0 ,

1 41 10 68 M
2 41 21 68 23
3 41,31 67 52
4 41'" 36 67 24
5 41 116 66 28
6 42 25 116 08
6 42 25 66 08
7 42 50 65 56
8 43 04 65 41

Region Directions
Velocity

c::ta
Mila

4.11
lI.7
2.8
3.11
3.7
0.0

10.7
7.8
4.'7

1 The U. s. Coast and Geodetic Survey writes that" resultant," In Mitchell'S (1881, p. 189) orlglnal_unt, refImI to the
set for a tidal day of 24 hours and 50 minutes. This is reduced here to the set per 24 hours. ' "

, The dominant drlfUs given as southeasterly at station 2, northeasterly at station 3; by Harris (1907 chart '01 and In the
1912 edition of the Coast pilot (1912, chart to face p. 9); but a fresh calculation of the nontldal set at these 'stat ons by the
Ooast and Geodetlo Survey shows a very good agreement with Mitchell's results.

These drifts indicate a general movement of the water northwestward around
the western side of Georges Bank and southeastward over the eastern side., whichis
corroborated by bottle drifts (figs. 174, 176). They also suggest a subsidiary clockwise'
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movement;around.the shoa.l partofthe bank, drifting northward arounditsweatern
flank and southward past the eastern flank. Drifts ihtothe.Gulf of Maine basin, at,
coIlSidetable velocities,. result .from the two stations in. the .center of the Eastern
Channel.,

At the time these observations were made the Northern Channel seems to have,
been dominated. (as basins generally are in dur latitudes) by an anticlockwise drift,
southwesterly (toward the Gulf of Maine) .in its northern side and southeasterly.
(away from the gulf). in its southern. side. This latter drift, with the inward current
in .the Eastern Channel, suggests that BrownsBa.nk was then the center of a clock
Wise eddy.

Current measurements also were taken in the center of the gulf, near Ca.shes
Ledge (lat. 42°.53', long. 68°54'), on September '1 to 4,1875, through a period of 58
hours, from which Ha.rris'(1907,pL 7) has deduced a southerly set of about 4 miles
per day. This agrees with the clockwise circulation to be expected around Cashes
Ledge, this station being situated on its. southeastern slope. Examination of the
original data (supplied by the.U. S. Coast and Geodetic Survey), however, makes
it more likely that the dominant set varied with the wind . there during the
period ofobservation. The first 48 hours of the set (which apparently covered two
tidal periods, because extending from "no current" to "no current") showa'result
ant toward the S. 26° W. of about 4 miles per 24 hours, as Harris represents it; but
this period includes 8 hours (in groups of 3, 1,and4) when no readings were taken,
but during at. least four of which the current almost certainly had an easterly com
ponent, judgingfrom the stage of the tide as indicated by the veering of the current.
The successive hourly directions also proved much more nearly rotary for the sec-.
ond tidal period than for the first, and with wide variation in its velocity while run
ning in corresponding directions. It is wisest, therefore, to attempt no deduction of
the dominant direction of the set from these data.

SUMMARY

The current measurements so far taken in the gulf when combined indicate
the followiIig circulatory movements: In the eastern side of the gulf the tendency is
northward along Nova Scotia into the Bay of Fundy in its southern side. northward
toward New Brunswick, and out of the bay along the south side of .Grand Manan,
with a counterflow into the bay via the Grand Manan Cha.nnel.
. There is a gap in the observations for the coast· section. betw~n Grand Manan

",:q.d Cape Elizabeth., Off the latter the general set is sotitherly,though often de-
fl~cted or temporarily reversed by th.e wind. . . • ..'

Two drifts are indicated· in the region of Massachusetts Bay-one anticlockwise
around its coast line and .the ,other southerly across its .mouth. RIld down along
Cape Cod. Tb,e. drift is out to the eastward from Na,ntucketSound, generally
southerly and easterly past Nantucket Shoals. The records taken at Nantucket
lJightship show a veering to the west al).d nOl'tqW6st around the. shoals in summer,
though not in. winter.. Two clockwise movements are. sm~~ested farther east-one
around Georges Bltnk as a whole and a !'Imaller one a.rqund its shoalest part.
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In general, the dominant set has been' found most rapid in' the regfonof Cape
Cod and Nantucket Shoals, averaging about 8 miles daily. Theavera.ge velocity
(about 7 miles per 24 hours) is nearly as great for the stations along thecwesi coa.st
of Nova Scotia and in the Bay of Fundy; but the resultant set into thiS' side of the
gulf is not so rapid, because most of the stations show components either to the west
or to the east. Perhaps 5 miles per day approximates the rate at which a bottle
might be expected to drift northward along Nova Scotia by this evidence.

EXPERIMENTS WITH DRIFT BOTTLES

Measurements with the current meter, such as have just been discussed, give
both the direction and the rate of the dominant set, as well as of the tidal currents,
at that particular place and time, assuming always that the observations are taken
at frequent enough intervals and extended over a sufficient period of time.

The setting free and recovery of a drift bottle can never yield information so
definite, because only the two end points of its journey Bre known, the route it has
traveled from the one to the other alwaysl'emaining a matter for deduction. Our
drift bottles, furthermore,reflect the dominant movement of the uppermost stratum of
water only; a fathom or two deep, at most, for the bottles with the longest drags.
Neither does the drift of a bottle necessarily reproduce the drift that would have been
followed by a particle of water, because the bottle floats on the surface, while the
water may sink to lower levels by vertical currents, while new water may well up to
the surface from below to take its place.

Because only the end points of the drifts are known and the intervening tracks
'can only'beassumed, their vaJue depends on a number of factors, especially on their
consistency, one with another; the length of time they are adrift; the extent of the
'oceanic area covered; and on general information from other sources as to the local
currents. In all these respects the Gulf of Maine has proved an especially favorable
region for the study of the dominant circulation by the drift-bottle method. Since
all the drifts' from all the lines set out have, without exception, proved reducible to
one'scheme,entirely consistent with the current measurements '(po 866) and withgen
eral reportaB to the dominant set along various parts of the coast, with tempera.ture
arid salinity, with the distribution of the plankton, and with theinterIi8.l hydrostatic
forces (p.936), I believe they' may be taken as representing the main features usually
prevailing in spring, late summer, and early autumn.

The greater the time interval between release and recovery, the greater does
the uncertainty become, because the longer the bottle is afloat, the greater distance
it may have covered in its journey-i. e., the farther its track is apt to have diverged
from' the direct point to 'point line. By this same reasoning, when bottles are
released in numbers the time interval becomes an important factor in deduCing their
probable tracks. If, for example, bottles released near Cape Elizabeth were' to drift
repeatedly to a point in Nova Scotia in as short a period as bottles released '. at
Mount Desert, it is a fair assumption that the latter have divergedeuough fr9m the
direct route to make their journey approximately as long as that oithe former,
assuming, of course, an approximately equal rate of, drift for ,both. I should also
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point out that in a region· where the tidal currents are as strong as they are in the
Gulf of Maine, little information as to the dominant drift is to be had from a bottle
until it has been adrift through several tidal periods. Consequently, when' a bottle
set adrift within 3 or 4 miles of shore at the beginning of the flood tide is recovered
on the beach it does not mean that a dominant inshore set brought it in, but simply
that it drifted and stranded, with the tide.

These remarks are elementary, but are introduced here because, in conversation,
I have found a very general tendency to aSCI:ibe a direct drift to any drift bottle.

BOTILES SET OUT IN THE BAY OF FUNDY

The first, systematic attempt to plot the dominant or nontidal circulation of any
part of the gulf by the use of drift bottles was undertaken by the Atlantic (St.
Andrews) biological station of the Biological Board of Canada in the summer of
1919, when 396 bottles were set adrift on lines crossing the Bay of Fundy, with
results so positive that they are extremely welcome for the light they throw on the
returns from the several series subsequently released in the open gulf by the Bureau
of Fisheries. The complete data of localities of release and recovery are given by

.Mavor (1922), who has also discussed the probable tracks in such detail that a brief
summary will suffice here.

The recoveries 6\ may be divided into two groups-first, from within the Bay of
Fundy, and second, from the Gulf of.Maine.62

Bottles picked up within the Bay of Fundy were aU set out in August and
September, 1919, along lines at right angles to the general axis of the bay. Five
bottles, set out at distances of 1 to 10 miles from shore on a line running north
west from Brier Island, at the mouth ,of the bay, and picked up along its Nova
Scotian shore after drifts of 25 to 65 II}iles, show a definite set inward along the
southern side of the bay consistent with the current measurements that have been
taken there (Mavor, 1922, p. 116, fig, 13). One of these traveled at a rate of
more than 4 nautical miles per day. It seems, however, that this inward drift.involved
only a narrow belt, probably not more than 6 or 7 miles wide at the time, because
only one bottle from the next line to the west (one set adrift about 7 miles from the
shore of Digby Neck) took this route, while two others released closer in to the
land drifted across the bay to the New Brunswick shore and to Grand Manan.

Most of the recoveries from all the other lines were from points on the New
Brunswick shore; a few were from the neighborhood of Grand Manan and a few (to
be considered later) were in the Gulf of Maine outside the bay. Mavor's (1922)
analysis brings out the interesting fact that the bottles that were picked up farthest
easton the New Brunswick shore 63 were all set out in the southern side of the bay
within 12 miles of the Nova Scotian shore.

The bottles set out in the southern side of the bay (several lines) thus exhibit
one or the other of two rather definite tendencies. Those,set adrift near the Nova

" Only those reported within 4 months after the bottles were set out are considered here.
11 Mavor (1922, p. 116) s~tes that "all the drift ,bottles which have been recordlld from outside the Bay of Fundy were ploked

up In the Gult of Maine." Two also have been reported frpm EuroPe \Mavor,l921; Moor [Mavor), 1921)•
.. Between Musquash Harbor (long. OOo16'W.) and St. Sohn.
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Scotian shore at the mouth of the bay, or inward to Digby Gut, tended to drift
eastward, hugging the southern coast. Those set afloat more than 5 to 10 miles out
from land in the southern side of the bay rarely stranded on that shore, but usually
drifted northward aeross the bay to the New Brtmswick shore. It is evident that
they did not go far up the bay, for only one bottle was picked up east of St. John,
while most of the recoveries of bottles set out on the Nova Scotian end of the inner
most line were west of the longitude at which they were set out.

Bottles set out in the northern side of the Bay of Fundy showed a westerly
drift, the majority of recoveries coming from the New Brunswick shore west of
Point Lepreau (especially concentrated in the region of Passamaquoddy Bay), with
some from the southern and eastern sides of Grand Manan.

The southern edge of the inflowing current in the southern side of the bay
hugged the shore--witness the stranding of bottles along Nova Scotia. Its outer
(offshore) edge, on the contrary, showed as evident a tendency to veer, anticlock
wise, across the bay toward the New Brunswick shore, and so to eddy westward,
made evident by the tendency of bottles from the Nova Scotia side to strand farthest
east (inward), along New Brunswick, and for bottles set out in the northern side of
the bay to follow the coast line of New Brunswick farther to the westward.

Some idea of the routes followed by bottles crossing from the Nova Scotian to
the New Brunswick side of the bay can be gained from the relative lengths of the
intervals between release and recovery,64 when these prove as consistent as they did in
this instance. Mavor (1922, p. 116) has already commented on the fact that the
bottles set out on the Nova Scotian end of a line abreast of Point Lepreau (his line G)
averaged longer afloat than .those set out on the New Brunswick end, suggesting
that they took a longer route, going up on the Nova Scotian side and down on the
New Brunswick side. The time intervals between release and recovery for bottles
-drifting from Nova Scotia to New Brunswick were also longer for those set out near
est the mouth of the bay (25 to 48 days) than for those set adrift farther in the bay
(8 to 22 days), with a discrepancy much wider than the varying width of the bay
would account for. Bottles set out on the southern end of the innermost line and
picked up eight days later on the New Brunswick side must have followed a com
paratively direct route in their crossing. A longer time interval for bottles set out
nearer the mouth of the bay points to a more extended circling drift; but the fact
that on the whole bottles set out farther and farther east along the Nova Scotian
side fetched up farther and farther up the bay in the New Brunswick side is evidence
that the south-north drift was of considerable breadth.

A cross section of the Bay of Fundy from Nova Scotia to Grand Manan would
thus have shown a rather sudden transition, at the time, from a current flowing
toward the southwest in the northern side to a northeast drift in along the southern
shore. The fates of four bottles that were set out close together on a line abreast
of Point Lepreau, but were picked up far apart and on opposite sides of the bay 37
to 70 days later, locates the boundary of these two currents nearer Nova Scotia than
New Brunswick (Mavor, 1922, p.116).

II Always remembering that a bottle may lie a long time on some seldom-visited beach.

8951-28-56
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These bottle drifts.justify Mavor's (1922) general conclusion that in the summer
of 1919 the water was drifting in along the southern side of the bay, circling north
ward across to the New Brunswick shore about abreast of St. John, setting west and
southwest along New Brunswickand out of the bay past the southern side ofGrand
Manan.This, as he points out (1922, p. 116), is entirely consistent with the domi
nant set resulting from Dawson's current measurements; more consistant, indeed,
than one might have expected of observations of these two sorts taken several years
apart in such tide-swept waters.

The drift westward along New Brunswick, according to Mavor's analysis, was
at a rate of at least 5 nautical miles per day. This, with the rates for the bottles
that drifted inward along the Noya Scotian shore (p. 868), suggests a general daily
rate of 4 to 5 miles for the periphery of the Bay of Fundy eddy.

Fifteen of the bottles set out in the Bay of Fundy in 1919 were picked up out
side the bay in the Gulf of Maine-2 from the June series and 13 from the August
series. The two June bottles, however, represent a much larger percentage than do
the August recoveries; for only 10 bottles were set out in June, and these were the
only ones picked up, whereas 220 were set out in August, most of the recoveries
coming from within the Bay of Fundy. None of the September bottles (75 in
number) were picked up in the Gulf of Maine.

The two June bottles were put out, respectively, .14 and 18 miles south of Grand
Mananon the 18th. One was picked up at Bailey's Mistake (a cove on the north
shore of the Grand Manan Ohannel) about midway of its length; the other was
recovered in Penobscot Bay. Both of these bottles undoubtedly passed out of the
bay in the' outflowing current along the south side of Grand Manan; but the one
circled Grand Manan, to be caught up in the indraftdemonstrated by current
measurements for theprand Manan Channel; while the other, put out only 4 miles
farther south, escaped this eddy and traveled westward along the coast of Maine.
There is every reason to suppose that the 13 August bottles also went out of the Bay
ofFundy along the south side of Grand Manan, for they show very uniform drifts.
One was returned from Jonesport, Me., one from Schoodic Head, near Mount
Desert, and all the rest from the Massachusetts Bay region and Cape Cod. Bottles
from the innermost as well as from the outermost lines in the Bay of Fundy (Mavor's
lines 0 and G) partook of this drift (curiouslyenough, however, none from the inter
mediate line).

Mavor (1922, p. 118) has emphasized the uniform time intervals of 7 of the 11
bottles that were picked up in Massachuset.ts Bay 73 to 80 days after being put out.
This, with the fact that so large a proportion of all the bottles picked up outside the
Bay of Fundy within four months after being set adrift were found along so short a.
stretch of the coast line, is evidence enough of a very definite surface drift from the
northeastern to the southwestern side of the gulf during the late summer and early
autumn of 1919; and the recovery of two bottlesol;l. the eastern coast of Maine
makes it probable that this line of drift lay rather.close in to the shore as far as the
mouth of Penobscot Bay. However, since none were found between Penobscot Bay
and Cape Ann they seem to have followed tracks farther out from the land aloIijt
this sector of the coast line.
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The distance from the Bay of Fundy to Cape Cod being about'220 miles, theRe
bottles, as Mavor points out, must have drifted at an average rate of at least 4 miles
per day. Actually, the rate was no doubt somewhat more rapid than this, becauRB
the track probably followed is approximately 260 miles, at the smallest reckoning.

The regional distribution of the recoveries in the Massachusetts Bay region is
also interesting, none being from the shore line between Cape Ann' and Plym(mth,
but seven scattered around the shores of Cape Cod Bay from Plymouth to the
tip of the cape.65 The hook of Cape Cod seems, therefore, to have acted as a sort
of catch-basin for flotsam at the time these bottles were adrift, evidence that the set
of surface water was then from north to south across the mouth of MassachQ.setts
Bay, as it was in March, 1920 (current measurements at station 20051; p.863), not
around the shore line of the bay, as current measurements show it at times (p.863).

Two bottles, evidently having crossed the mouth of the bay somewhat farther out,
stranded on the outer shore of Cape Cod (near Pamet River Coast Guard Station and
near South Wellfleet wireless towers), and one went to Monomoy Island at the southern
angle ofCape Cod.

BOTTLES SET OUT IN THE GULF OF MAINE

The drifts of the bottles set out in the Bay of Fundy by the Biological Board
of Canada in 1919 were so significant and agreed so well with the dominant set
calculated from current measurements that the United States Bureau of Fisheries has
since released 1,606 drift bottles in the Gulf of Maine and its tributary waters along
the following lines, the returns from which are tabulated below;

DRIFT-BOTTLE RECORD, INCLUDING RECOVERIES UP TO SEPTEMBER 1, 1926

SERIES A: Bottles Nos. 1 to 300; two every halfmile on a line runnin.g 125°, true,
from Cape Elizabeth to the vicinity of Cashes Ledge, June 30 to July 1, 1922.

Set out
No. I~~~--,---~I

Latitude Longitude
Where found Date, Intel"

1922 val

0,"0/" Do"
23 43 30 00 70 04 42 Small Point Harbor, east of Littlewood Island, Me JUly 26 26
26 43 29 48 70 04 06 Between Richmond Island and Cape Elizabeth, Me • , July 5 6
27 43 29 30 70 03 30 Near Bald Head, Small Poin~ Me ••• c_.__• ._••_ JUly' 28 28
28 43 29 30 70 03 30 1 mile east of Cape Elizabeth Lighthouse_~ • ._ JUly 4 4
30 43 29 12 70 02 54 Northwest side of Monhegan Island __• c_" ._. Aug. 16 47
32 43 28 54 70 02 18 Richmond Island Bay, Me , ..._._" • ._ ._.c__ July 13 13
43 43 27 06 69 58 42 Woodwards Cove, Grand Manan Island Oct. 12 104
52 43 25 57 69 56 18 MeUnlc Shoal (northwest of It) c • ~ .---.-- Sept:13 76
6.~ 43 23 4869 52 06 Loon Point, Jonesport, Me .. Sept.1880
70 43 23 12 69 50 40 Chebeague Island, Me . • • • ._________ July 25 25
72 43 22 54 69 50 18 Prouts Neck Beach. Scarboro, Me_. " • • • do 25
75 43 22 18 69 49 06 Boothbay Harbor, Me • • • ." ._" • Aug. 1 32
76 43 22 18 69 49 06 5 miles east of Prouts Neck, Me., opposite Richmond Island .-------_______ Sept. 10 72
79 43 21 42 69 47 54 Thompsons P~int, Cundys Harbor, Me ~•• ; • .---.--".----do---- 72
83 43 21 06 69 46 42 Birch Point, Winnegance Bay, Me. ._" • • ._ Aug. 20 51
87 43 20 30 69 45 30 South Beach, Matinicus Island, Me ' • •• • ., Oct. 12 103
88 43 20 30 69 45 30 Eastern Wolves Island, Bay of Fundy._•• • • • • do 103
00 43 20 12 69 44 54 Bald Head, Casco Bay, Me . • • • July 25 25
98 43 00 19 6942 30 ~miJenortheastfrom~uterJohn'sll!land,nearSwansIsland.Me -_ --.-- Sept. 1 80~99 43 18 42 69 41 0542' ilay of Fundy~Nova Scotia . . Sept. 18

105 43 17 48 69 40 1 mile west of uartsvllIe Breakwater, south shore or Bay of Fundy_. • •__ Oct. 6 98
124 43 15 06 69 34 42 South side of Cedar Island, Isles of Shoals. N. H_••••• ._••__•• Oct. 8 100

II White Horse Beach, Plymouth; Sagamore Highlands; Sagamore Beach; Beorton Beach; North Truro; and three betweeD
Wood End and Peaked Hili Bar Coast Guard Station.



2 miles olI Hlllsburn, Hants County, N'ovaScotla__•__• • Sept. 28
New Meadows River, C8800 Bay. Me_._. ••__._•••• __ • ._______ Sept. 15
1 mile north of Beaver River. county line [N. S. 1]- . ._.__•• •. •. __ • __• Oct" 26
Scotts Bay Beach, Nova Scotla •• ••_••__•••_._. ._. ._•• _. Oct. 21
Entrance of Grana Passage. Nova Scotia ._.__• ••• _. Oct. 24
Digby Neck, Sandy Cove. Nova Scotia, Bay of Fundy side. • • Sept. 28
~ mile'olI west side of Isle au Haut. Me • .- • Sept. 23
l~mlles east of Port Lome Lighthouse, Nova Scotlll ••_. • ------. Nov. 28
Port Lorne, Nova Sootla__•• • ••_. • •• Oct. 21
Metegban Cove, .Nova Scotla. • ._~ •••••• ••--....-.- Nov. 14
Port Lome, Bay of Fundy. Nova Scotia •__• ._. • 'Sept. 26
14 mUes west-southwest from Digby, In Bay of Fundy 3 mUes olIshore__•__••__ Sept. 8
Broad Cove Breakwater, 2 miles from Point Prim Light, Bay of Fundy_.______ Sept. 13
9 miles from Point Prim, Bay of Fundy • .-•••--•• •• .....__ .... Sept. 28
Bay of Fundy shore of Long Island, at Central Grove, Nova Scotla • Sept. 19
Northwest from Salvages fog a!Brm, Nova SQOtlll__..... • ._.-----_- Sept.-. I;
Southern Polpt, Matinicus Island, Me ••• __._ .. -------.--------. Oct, 11
Adv~te Harbor Beach. Cumberland County.NovaS!lOtla__~_ •••~ __• ._. Oct. IS

872

set out

No,
Latitude Longitude

"127 43 14 30 ~9 33 30
128 .43 14 30 B9 33 30
153 43 10 36 69 25 42
165 48 08 48· 69 22 {)6
100 43 05 12 69 14 54
208 43, 02 48 69 10 06
210 43 02 12 69 08 54
215 43 01 18 69 07 06
222 43 00 24 69 05 18
230 42 59 12 . 69 02 54
241 42 57 24 68 59 18
242 42 57 24 68 59 18
248 42 56 30 68 57 30
25S 42 55 18 68 55 06
264 42 54 06 68 52 42
280 42 51 42 68 47 54
284 42 51 06 68 46 42
299 42 48 ,42 68 41 54

:BUU,ETIN OF TlIEBUREAtJ'O:l!' FISHEluES

Where found
: Date; "Intlll'.·

1922 va!

Da"
90
77

118
113
116
90
85

146
113
135
88
70
75
90
81
67

103
107

SERIES B: Bottles Nos. 301 to 900; two every half mile, running 1410 from the
offing of Chatham, Cape Cod, 150 miles, July 4, 1922.

6
1
4
3
6

80
5
2
6
o
1
7
6
3

88
06
5

65
3
8
8

60
82

6
34
40
5
7
3
7

23
2
5
4

22
7

22
8
7
4
1

68
6

Setout

I
No. Where found Date, Inter

1922 val
Latitude Longitude

0 ,
" 0 ,

" Da"
301 41 41 00 69 53 00 1~ mues north of Cosst Guard statiOn 41, Nausett 'Beach.MIlSS~__• , ___• ___•__ July 11
302 41 41 00 69 63 00 Stonewall Beach, Chilmark. Mass. (east of Old Bull bell buoy) _________________ AUg. 26 5
303 41 40 36 69 52 36 Sakonnet River, R. I ___• ______. ________________________ . ___________ •___________ July 30 2
304 41 40 36' 69 ,52. 36

g~~l~~n~~ss-::- ::::::=-:::::::::::::::-::::::::::::::::::::::::::::::::::: Jlllyll
308 41 39 40 69 61 48 Sept. 10 6
309 41 39 24 69 61 24 West side of Nantucket Harbor, mouth of Jetty ________• _________• ______________ Dec. 31 1
311 41 39 00 69 51 00 60 miles south-southeas.t of Cape Cod I;lght._•••_,._.•__ "_______~-----. '.______• July 21 1
314 41 38 36 69 60 36 West end, Cuttyhunk Island _, ______• ____•_________•______._. ____ .______• ______ Aug. 7 3
317 41 37 48 69 49 48 On Beach near north IIghthoulle, :aIock IsIB\1d•••• _,.__• ___________._.___• __ •__ • Aug. 11 ,3
331 41 35 00 69 47 00 ~ mile north of Gay Head

i
Mass __________• _____• ____________ ._.___ .__ ~__ . _____ Aug. 6 3

333 41 34 36 69 46 36 On Beach near southeast Ight, Block Island ________. _______• ___•__ •___________ July 7
334 41 34 36 69 46 36 Newgort Beach. New~ort.R. I _________•__• ___________• _______________••• __•___ SeEt.12 6
337 41 33 38 69 45 48 Sout side, Marthas Ineyard Island _____________________________• ___________ Ju y 23 1
343 41 32 36 69 44 36 Chilmark, south shore Marthas Vineyard ________ .____. ________________• ___ : ___ Aug. 29 5
348 '41 31 48 69 43 48 6 miles north of Finls·terre Ligh~France _. ______________________••__ . ____ •_____ 1 Sept. 16 -.- .._...
357 41 29 48 69 41 48 76 miles southeast from Cape Co [light 11---------...--------------------.----- Oct. 3
358 41 29 48 69 41 48 Hampton, Annapolis County, Nova Scot a ____• ___• _________._.________________ Oct. 21 1
362 41 29 00 69 41 00 76 miles southeast ~ south from Cape Cod LI~ht--------••--------------------- July 12
376 41 26 12 69 38 12 Between Horseneck Beach and Barney'S Joy oint__• __________ ••______________ Sept. 10
389 41 23 24 69 36 24 Head of Mlacomet Pond, Nantucket, MIlSS ____________________________________ Aug. 19 4
896 41 22. 12 69 34 12 76 miles south-southeast from Gape C(ld right] •_______••_____ •_____••_•••_____ July 16
406 41 20 12 69 32 12 48 miles south-southeast from Cape Cod Ight________________________ • _____•••- ___ do ____
422 41 17 00 69 29 00 12 miles south of Sakonnet Point IIght.__________• ____ •______• ___________• ____,. Sept. 6
433 41 14 36 69 26 36 Hampton, 26 miles east of D~bY, Nova Scotla __• _______...____ •__• _____••__• __ Sept. 27·

~
41 14 12 69 26 12 Lat. 42° 07' N., long. 660 41' ___• __._.___ • ____ ._•••••____________• ____________ Oct. 11 9
41 12 12 69 24 12 1~ miles west of U. S. Coast Guard Station 47, Muskeget ___••______• ___.------ Aug. 10

447 41 11 48 69 23 48 300 yards east of boat house, Fishers Island. N. Y ___••__••-----.--.---------••- Aug, 16
462 41 OIl, 00 69 21 00 Near Port George, Nova Scotia_____ •____• __••__-____•.---;•••---••-------.-.---_ Oct. 20 10
484 41 04. 36 69 16 36 South shore of Marthas Vineyard, east of No MaosLand ___.-------.---_------ Bep,t. 12 6
lilO 40 69 24 69 11 24 72 miles southeast by east from Cape Cod Light ••_••~__••-.-•••-----.--••- .___ Ju Y 10
628 40 56 48 69 01 48 West shore. MlshaUID P·olnt. Mass-.------••- ••S--~---:_.~••••--.------------.- Aug. 13 3
·636 40 54 12 6'9 06 12 East-southeast ~ mile from mouth of Vineyard (lund,MIlSS_____•• __•_____•___ July 30
1141 40 63 00 69 06 00 South' Bllaoh. lCatama Bay. Edgartown. MIlSS___._.___•__• __._••___• __________ Aug. 28 6
543 40 62 36 69 04 S6 . Georges Bank, lat. 41 0 16'••___._.__••________-••_.--••------••-.----____________ Aug. 11 3
<'147 40 61 48 69 03 48 Onbeach. Nantucke~Mass __________... _.___•• _______.--- _______._••• ___• _____• Aug. 20 4
648 40 61 48 69 03 48 4 miles southwest of Ineyard Sound I;Ightship. MIlS8______ ••_. ______________• July 29
667 40 49 48 69 01 48 Katama BaYnE~arto~ MIlSS-______.-__••__• _________•______• _____-.--.__ ~__ Aug. 13 3
669 40 47 24 68 68 24 Near Buoy, If. ead. 1lSS•• __•________ •._________•__________•• _••• ____ •__••_ July 29
.680 40 46 24 68 66 24 1 mile east of . S. Coast G!18rd St.allon 47. MIlSS__ •_____•••____• _____.__ •______ July 25 1
682 40 40 00 68 56 00 Southeast shore. Block Island, R.I __••- •••__••-_.___._.-----_____• ___..___ •__• __ SeEt.12 6
684 40- 44 36 68 65 36 HQJ'llenel!kBllach. MIlSS-_-.-.-_·--.a.--------..----------------.-..--.----_.___ Ju y 31 2
685 40 44 12 68 65 12 On MllSSaohusettsand Rhode I$n Ilne••__._.__._.___________________.-.-••-- JUly 28 2
687 40 43 48 68 54 48 Off Grace Point. Block Island_________ ~____•____._.____• _________._•• __________ Sept. 13
588 40 43 48 68 54 48' Penlkese Island, MIlSS___• ___••_••_.___•__.~~_~••••~._ .•_.___~_~•••_._.__ ~__._ Aug. 2 2

11923.
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22

29

30

28
27

7::
64
7

68
2

29
1

1
9

86
86
1
1
2

86
82
1
4

8et out

No. Where found Date, 1I)ter-
1922 val

Latitude Longitude ·'d'.
'.'. ,

" . ,
" ..

~7SIlO 40 43 24 68 54 24 Crescent Beach. Block:Islas4,. R. L ___•__--____---_•••_._.__________---_.______ Aug. 11,
591 40 43 00 68 54 00 Middle Ground Shoel, V1ueyard Raven, Mass__•______•____ ~__••___________•___ Aug: q

~593 40 42 86 68 68 86 Bathing Beach, Southamrt0n. Long Island __ •_______••••_______•••___.•__•••••__
8e~t.l~

696 40 42 12 68 63 12 ~ mile north pf 8ekonne . Lighthouse. Sakonnet River. R.I_•••••_.________• __ 1 y 3Q 23
697 40 41 48 68 52 48 On Beach at Horseneck, Westport. Mass_________•••__•_____._._.•____•___._.___ Aug. 7 81
600 40 41 24 68 62 24 Tarpaulin Cove. Naushon Island, .MaS$••_--------_--_••-.--.-----~.---------.- Aug. 26 110
602 40 41 00 68 62 00 Near Lighthouse, south besch, Gay Head, Mass__~_~ ______• __---~--.-.--.------ luly 29 112
603 40 40 36 68 51 36 27fmlles northwest ofVlney-ara Sound Lightship. Mass.__._._-----.-.----••- futi. 1 ~
604 40 40 86 68 61 86 Old Harbor Point, Block Islaud. R. 1________.••________.----••-------.-.--.---- . ug.10 34
605 40 40 12 68 51 12 West Horseneck Beach, Westport.Mass___• ___••_.___•_______••--.-----.-_----- lu1y 29

~606 40,40 12 68 51 12 West shore Block Island, R. L __. _____• _______••________._._•••__--_______. ____ Aug. 19
608 40 39 48 68 60 48 Narragansett Pier. R. L ____•_________••__ .______•___.---__• __• ________ •_____._ Aug. 7 81
009 40 39 24 68 50 24 North·northwest of Old Harbor Breakwater, east side. R; L_._______•___·______ AUI•. 4 28
611 40 39 00 68 50 00 1 mile'north of Wasque Hm, Chap~lddlC Island. Mass_••______- _________ lUly 27 20
618 40 38 36 68 49 36 1 mile east or Coast Guard station ~ ong Island. N Y ____•___••_.___•_______ ,Aug. 7 81
614 40 38 36 68 49 36 Hi miles West of Barney'S lOt Point, Mass_____ •__._••__.-.-.-------------____ luIy 29 22
616 40 38 12 68 49 12 6 miles below Edgartown. sou h shore Martha's Vineyard. Mass______•____••__ Aug. 20 44
617 40 37 48 68 48 48 Pleasant View Beach; R. 1•. --------------------------------.-.----------------_ lu1y 28 21
.618 40 37 48 68 48 48 Westport Point, Mass___••••-.---~-----.---------.------••---.-----••---.__••_. ID~. 29 (1)23
620 40 37 24 68 48 24 Horseneck, Beach, Malls___._._.________•••• -••-----.-.----••----.----.---.____ lU~ 31
621 40 87 00 68 48 00 Horseneck Beach, Westport, Mass.__._._____.------ ._••••.__•_______._••___• __ "... __.- .2ll
622 40 37 00 68 48 00 Matunuck Beach, R. I..______•.._.__..___._•.---.c_•••_•••..._..•.__•___._._ Aug. 8 32
624 40 36 36 68 47 36 Near Warren Point, LIttle Compton, R.1.••_____••_.___._••_._______•••••••_. luly 29 22
627 40 35 48 68 46 48 Cornwall, Englaud. _'_••• _••___•__________••__••••__•____._~_••--••-.-.--.-••- 'Aug. 14

.~628 40 35 48 68 46 48 37i miles west ot Montauk Light Station ._......_. __._.______••__ •___•_____._•• Sept. 10
629 40 36 24 68 46 24 West Horseneck Beach, Mass._____ •_____ •___•_______ •____• __ •_______._._______ Aug. 1 25
680 40 36 24 68 46 24 South shore. Chilmark, Mass. ___________._.________••_.___ •_____._••_________• Aug. 2 26
631 40 36 00 68 46 00 4 miles below Edgartown, south shore Marthas Vineyard, Mass_....-c-_.___.__ Aug. 6 30
634 40 34 86 68 45 36 2 miles northwest of Vineyard Sound Lightship, Mass_____••_.____________••_ Aug. 1 81
635 40 34 12 68 46 ,12 1 mile southeast of Westport Harbor, HorseneckBeach. MaS$_.__._••_••-.-.-'-- Aug. 7 31
637 40 83 48 68 44 48 3 miles soutll-sout~east of Cuttyhunk LI~hthouse.CuttYhunk, Mass_.______._ lUly' 28 21
638 40 83 48 68 44 48 BetwllOn North L~ht aud New Harbor hannel, WllSt Beach, R. I ______ •••-- Aug. 6
639 40 83 24 68 44 ,24 Halfway between oast "Guard Stations 66 and 67, MontaUk. L. I __________._ Sept.16 71
641 40 33 00 68 44 00 On beach near Falmouth

t
Mass__________••___________• _____•___•____•__•_____ • Aug. 20 44

644 40 32 36 68 43 36 West end of Nashawena sland, Mass... _.______________._.___________• _____• __ luly 29
646 40 32 12 68 43 12 7i mile southeast of light on beach, Block Island, R. 1_______________, _.__• __ ._ luly 7 1
646 40 32 12 68 43 12 Charlestown Beach, R. L_••___•_____ ••___________. _____________._.__ •____•••_. Aug. 5
647 40 31 48 68 42 48 10 miles west of Montauk Point. south side Long Island, N. Y ____• ______•• __• Aug. 7 81
648 40 81 48 68 42 48 BetWeen polntludlthand Charleston. opposite East Island __•••___ •__________ Aug. 17 8.1
649 40 31 24 68 42 24 Sakonnet Point. R. L_._______•____._.____•••_____•____•__•______••___•______ Aug. 4
660 40 31 24 68 42 24 6 miles southeast from Sakonnet Point Light. R. 1_____••_•••___.-----••------- Aug. 8
651 40 31 00 68 42 00

~~:l~~gt~~~tt.~:!:..:-·::::::::::::::::::::~:::::::::::::::::::::::::~=::::::: ~~~. n 21
662 40 31 00 68 42 00 6
653 40 30 36 68 41 36 Near Life Guard Station 65, Ditch Plains, MontaUk, L. I _••J __••_~.-__.______ Sept. 9
654 40 3a 36 68 41 36 7i mile east of CoastOuard Station 73. opposite Hampton Bays, N. Y __ • ____• Sept. 11
.666 40 30 12 68 41 12 East sideof Block Island, R. L __ •________• __ ._... __ •__._••_._____•_____._______ Sept. 9
656 40 30 12 68 41 12 Saga~liackU'. I. northeast of Brldgeharoptoll____._•• _..._______•________ •____• Sept. 12 ~

658 40 29 48 68 40 48 Gay ead, ass. ____._. __•••____•______••----_. ____•• __ ..___ •__•_________•__._. Sept. 8
661 40 29 00 68 40 00 17i miles west ot Charlestown. R. I. (1) ••---M--.---....--------•.--------- .•-- Sept. 17 7
662 40 29 00 68 40 00 17imlles from l~hVouthshore. Gay Head, ass___________.••________._._••__ Aug. 5
664 40 28 36 68 89 36 1 mile south of 0 ans Land. Mass.__••_.__•• __•• ____••_~.___•••_.••______._._ luly 28 2
665 40 28 12 68 89 12 Start Point, bearing north·northwest, 15 miles, Eugland._._____ •_______•••____~ '8ept.19 (f)
666 40 28 12 68 39 12 West Beach, Horseueck, South Westport, Mass -.__••____._._••__.c._______._. Aug. 7 3
668 40 27 48 68 38 48 37i miles from lI~ht, south shore, Gay Head, Mass____ ••••• __•__._._.____•___•• Aug. 5 2
669 40 27 24 68 38 24 2 miles north of oast Guard Station 17~.JCltty HIIWk. N. C __ ...__ ..___•______ Sept. 26 81
676 40 26 12 68 37 12 Coast Guard Station 176. near Manteo. .0_._.___•_____________________._.•__ Sept. 30
679 40 25 24 68 36 24 1 mile north ot Coast Guard Station 165 __••____ ._.____•_____• __•__•••__________ Oct. 1
680 40 26 24 68 36 24 ~ mile north of Coast Guard Station 171 ___•______ •••_._.____._••_•••••__._.___• se.f.t.22 7
684 40 24 36 68 36 86 1 mile north of Coast Guard Station 170 .--___••_._.___._._._._____•____._.______ ._ 0._•• 7
686 40 24 12 68 86 12 Near Coast Guard Station 179 ____ ••______......-__••_______•___•___•___•___.___ Sept. 27 8
688 40 23 48 68 34 48 1 mile north of Coast Guard Stlltlon 176__________•______•••__••••• __•______.____ 8ept.30
695 40 22 12 68 33 12 Kitty Hawk, N. C ___•________._•••______ •_____"•••_______••_._.____•___••_••__ Sept. 27
700 40 21 24 68 82 24 IV. miles west of Coast Guard Station 51), Green H1~ R. I._.______~_. ___••____• 8ept. 12 6
702 40 21 00 68 32 00 8 miles west of Montauk Lighthouse, Long Is!aud, • Y __._••_••_____••_••_._.. 8ept. 19 7
703 40 20 86 68 31 36 17i mile south o( Coast Guard Station 170 .. __• __ ••_____••_._.____•_____•••___._. Sept. 21 76
707 40 19, 48 68 30 48 Near life-saving statilln, east I;JeaCh, Montauk, L. I ____._.____•••••__.__________ Sept. 12 67
718 40 17 48 68 28 48 2/J miles east of Quonochontaug life-saving StatIon. R.I_._._••___•____•••_._•• __ Sept. 13 68
724 40 18 36 68 27 361 E gartown Harbor, Ed8'rtown, Mass•••__••___•• __• __- __•••________••_._____•• Oct. 16 100
727 40 15 48 68 25 48 17i mile south of Coast uard Statiou 9 ______ ••_._._._._._.__ "___• ____ •• ___••_ !Mar•.4

~~728 40 16 48 68 25 .~ ¥t~r:~..:~~~.~~_~~~~_?~~:~_"~~~~~~?~:.~~~~~._::._._ ____::::::::::::::::::::: se~:) 22731 40 '16 00 68 25 (I')
732 40 16 00 68 26 00 Ott Gooseberry NeCk. near Westport Harbor, Mass ._.___ •______••___•__••___•• Sept.

11923.
lOne year 4 months and 22 days.
'1926., '
'Four years 1 month lind 7 days.
'1924. .

, Two yellrs 2 months and 12 days.
'1923.
'8even months 25 days,
'luly, 1923.
laAbOll1t 1 year.



2 miles south ofCoastOuard station 170, DuCk, N.,C __ ~------_--------~------- Sept. 29
W~t end of Baileys Beaoh;N!lwpott. R. I __••_._._. ~-.------- Sept. 13
Gran.d Canary Is.Ian..d---.-----.__.-.-.-.__ '_~_-,-. __. , . _---_--------"---------_-\IAPr. 1Southesst by south ~ south, 35 mll!lS'from No Mans Land ._-••__• .______ Sept. 20
6 miles southwest of Gay Head, Mass•• --- ••_•• Sept. 6
Point 0 WOOd

l
Ffre Island. Lon, Island, N. Y_._, •• • • •__•• Oct., 8

Lat. 410 20' 4A '. long. 700 38' 30' __~--_~ • "-----------.---------- Sept. 4
2 miles east of Coa..t Guard Station 70 ~ ;---"------- Sept. 20
J1i mile south of Coast Guard Station 169. ._~ "' ""-.--------.---.--------- Oct. 141 mile south of Coast Guard Station 181 • • • Sept. 27
Roughley, Sligo Bay, Ireland ••__•• ._, .. .___________ 1JUly 18'
South shore of Marthes Vineyard, Mass "--;-- '_.~.--.----------•• __ • Sept. 4
South Besch, Edgartown. Mass ." •__._._••• ~---••-...---•.---------- Aug; 29
Southwesterly shore 01 Matthes Vln!lyard,- Msss • • ••• ._..__ Sept. 7
~ mile on the shore northeast from the breakwater, SlIkonnllt Point, R. L_____ l3ept. 6
1 mile south of Coast OuardStatlon 173 ~---•._~; .. _.__._ ~ • ._" Sept. 28
HorseIl1lck Beach, Westport, Mass __••"------.--"-------. ,, • Sept. 16
1 mile below Bodies Island Lighthouse, N. C. .; •• "-----.-.-••"-- Oct. :IJ1i mile north of Coast Guard Station 177~ • • • .•__~_. do _
In Bay at Nantucket, Mass. "" • ._._.~, __ ..-. _~_"_.•" "----~. Nov. 22
10 miles southwest by west of Sankaty light, Nantuck~t,Mass •__• ".. 'Aug. 28
9 miles north of Bodies Islsnd light Statlon ••_••, __. .;__________________ Sept. 18
South side of Marthas Vineyard. Mass • • • • • -- Oct. 1
South Beach, Matthas Vll)eyard,Edgartown, Mass • ••••_•• Ana:. 28

S74

Set out

No.
Latitude Longitude

0 ,
" 0 ,

"739 ~ 13 24 68 23 24
74A 40 12 12 68 22 12
749 4(l 11 24 68 21 24
71i2 40 11 00 68 21 00
753 40 10 36 68 20 36
762 40 09 00 68 19 00
770 40 07 24 68 17 24
775 40 06 12 68 16 12
777 40 0& 48 68 15 48
779 4(l 06 24 68 15 24
787 40 oa 48 68 13 48
790 40 oa 24 68 13 24
802 40 01 00 68 11 00
804 ~ 00 36 68 10 36
806 40 00 12 68 10 12
822 39 57 00 68 07 00
824 39 56 36 68 06 36
835 39 M 12 68 04 12
837 39 63 48 68 03 48
839 39 63 24 68 03 24

, 844 39 82' 86 68 02 36
845 '39 5Z 12 68 02 12
890 39 43 24 67 53 24
900 39 41 24 67 iiI 24
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Where found Date, Inter-
1922 val

Dtl.I/'
84
68

<I)
75
61
93
59
71i
99

112
C")

59
53
82
61
83
71
87
,87

141
52
73
86
52

'1924.,
• One year 8 montbs and 24 days.

11923.
"One yeat 11 days.

SERIES D: Bottles Nos. 1501 to 1600; two bottles every half· mile on a line run
"bing 1/500 fr9m Bakers Island, off MOWlt Del'lert, for 25mUes; August 6, 1923.

Set out

No. Where found Date, Inter·
1923 val

Latitude Longitude

0 " 0
Da1/'

1503 44 13 19 68 10 25 Duck Islsnd, 'Me_.__•________._.___"___.,.___._._.__ ••_~._._._.____••_____."_. Ang. 8 2
'1504 44 ,13 19 -68 10 2Ii Near Baccaro lighthouse, Shelburne County, Nova Scotia_•••___•_____• ________

Oc~. 18 73
1506 44 12 1\3, 68 10 0Ii Comeau (Jove, DlgbtrCOunty, N,ova Scotla__••"---.--"-"-.------••--------••-- Oct; 7 62
1510 44 12 01 68 9 25 Great Duck Island, e__•_____ •____•__•_______••__ ••__~._____"________ •____~__

A~. 8 2
'11iU 44 n '35 68 9 05 Winter Harbor, Me_______•____ ._~ __ ~_________•_____•__ •___ '_~_____•__._ •__ .,_ IJ y19
1515 44 -to .3 68 8 25 Point of outer Long Island, Me •___'_~________•______ ~__________"__ •__•_________

Aug. 8 ------2
1521 44 9 25 68 7 2Ii Kennebunk Beaoh, Me.__•__ ~___."--------~--- .~ __ ._.---.---.- _.__ •___________ Sept. 7 32
1523 44 8 59 68 7 0Ii 8 miles southeast of Isle au Haut, 'Me •___ •______•_____•__ •_____________••_.____

Ana:. 7? (1)
1530 44 7 41 68 6 00 Salmon River, Digby County'L'fova Scotla __._"--.--------.--.-------."--____ Dec. 17 133
1531 4. ·7 '15 68 5 45 East side Petite Passage, Digby County, Nova Scotla_--___•___•_____.;_._____ Oct. 16 71
IM1 44 5 05 68 4 05 ,West side Egg Rock light, Hancock County, Me.____________•____•________•__ Sept. 11 36
546 44 4 13 68 3 25 Deep Cove, Isle alt Haut, Me ___"---.--.-----.------_._______._~_______•___•• _ Sept. 14 39

1M7 44 '3 ' 47 68 3 05 Salmon River Beach, Digby County, Nova Scotia. ____".________•____ ••____._. Oct. 9 64
lMO 44 :3 21 68 2 46 Seudish Island, Me ..__________• ________•____•_____ •___________________•________

Sept. 10 35
IM1 44 3 '00 68 2 45 Pubnico Harbor, Nova Scotia _________________•____________._ .___•_____________

IJan. 4 151

m~
44 2 29 68 2 0Ii 1~ miles WNW. of Matinicus, Me __ ~__________ ~ ____ ._._______________________

Sept. 12 37
44 ::2 29 68 2 05

~::6~ie~~~:if.i~ov;&~ii8::::::::::::::::::::::::~::::::::::::::::::::::::::: Sept. 9 34
IM7 44 1 37 68 1 25 lJan. 4 151
i563 44 0 19 68 0 25 Pleasant Cove,D~bYCounty, Nova Scotla_~-.-.-------"-----------.-------".-Oct. 8 63
'156/i 43 59' 53 68 0 06 States Point, St. eorge, Me_, ________._.__________ ••______ •• _____•__________._

Sept. 9 34
156ft 43 59 Ii3 68 I) 06 Wooden Ball Island, Me. _______ •____"---...--".~--."-----~----------.---.""__• Sept. 11 36
1688 ~: 59 ''1¥1- ~7 liD 45 Meteghan River,St.M~ Ba)1 Digby County, Nova Scotla__ •________ •______ Oct. 7 62
1576 43 $7: 43 67 68 26 3 miles west from Petit anal)~t, Me_~_.______________•__________________._

Sept. 13 38
1581 ~ 68 25 67 57 25 Wilst side of Grindstone Neck:, , Inter Harbor, Me. ___•______••_______________ Sept. 8 33
1584 43 6li '89 67 67 05 Haycocks Harbor, Washlnruon C()Unty, Me_~_ ..___. ____________ ••___._•• ___: ____ Nov. 7 93
1587 43 66" 7 67 56 25 Near Port George, Annepo is, County,l.'fova Scotia ______ : _____._. _______------. Nov. 2 88
1699 43 &2" 111 67 M 25 Near bell buoy, Burnt Island, Me._'______ ~__________ :_______________•______"__ Sept. 10 35
1600 43 ~ 31 67 M 25 Northeast Matinicus. __•• , ____•___"_--- ______ •______• _________~"- __•___________

Sept. 8 33

11924.

SERIES E: Bottles Nos. 1701 to 1800; two ev~ half mile along aline running
1250 from Cape Elizabeth whistling buoy, for 25 miles, August 4, 1923.
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bate, Iuter.
1928 'val

Set out
No.

Latitude Longitude

,
"1702 43 32 00 70 12 00

1712 43 30 36 70 OIl 10
1720 43 29 '27 70 6 54
1721 43 29 10 70 6 20
1726 43 28 36 70 6 12
1728 43 28 19 70 4 48
1731 43 27 46 70 3 40
1732 43 27 46 70 3 40
1733 43 27 28 70 3 06
1734 43 27 28 70 3 06
1740 43 26 37 70 1 24
1763 43 23 23 69 54 36
1764 43 23 23 69 54 36
1768 43 22 49 69 63 28
1769 43 22 32 69 62 64
1773 43 21 68 69 61 46
1780 43 21 07 69 60 04
1792 43 III 26 69 46 40
1793 43 19 08 69 46 06

Where fOUIld

~i:f:=~'~a:s:::::~:::::::::::::::::::::::~::::::::::::::::::::::::::::::::: ~~~. ~
Clifford's Cove, Long Island! Nova Scotla • •• __.--.----. __.---------- Oot. 20
4 miles southeast Seguin light, Me. • ..._.,, • •__._•••.•__.~ Sept. 8
Entrance Grand Harbor

i
New Brunswick, Nova Scotla._•• •• __ ••_._. • Nov. 26

New River BelICh, Char otte' County, New BrunswiCk, Canada.__.. __••• ._ Oct. 22North Boach, Chatham, Mass. ._. •• • ••__• Dec. 6
New Meadows River, Me. • .• •• ._._._._. ••••_••_. __ • Sept. 14
Mascabln Point Jjgh~ New Brunswick, Canada. ._.__._._.__._. •• • Oct. 21
.Pond Island, Casco !jay, Me. •••__._._. • • • • • Oct. 1
Shore of Round Pond Harbor, Me_.__ ••_~.__• •• ••• •.•__•• Nov. 2
Salmon Rlve!i. St. Marys Ba~tNova Scotla •__•••__._._. ••_•• __ •••_••_.__ Nov. 6
Centreville, uigby County, Nova Scotia •__•••• • •__ ._____ Oct. 9
Bay of Fundy shore, Digby County, Nova Scotla_•••_. ..__.••• •••_.__ • Oot. 10
Comeau Cove, Digby County, Nova Scotla •__• ._. ._••• •__

j

Oct. 10
Big Wood Island, Grand Manan, Nova Scotla._•• •••••_ ._. •• ••• • Oct. 2
Bay of Fundy, Brier Island, Digby County, Nova Scotla_. • •••• Nov. 4
Metlnlc Island, Me... • •••••. • • ._.._._•••_••• •__• oct. 10
Sheepscot River, Me ••• •__ ._. •• • ~.-----.- ••-----...-.j Sept. 10

DIIp'
81

139
74
32

111
76

121
38
76
56
77
9Il
68
64
64
66
79
64
34

SERIES F: Bottles Nos. 1601 to1700; two bottles every half mile along a line
running 99° from Thatchers Island, Cape Ann, for 25 miles, August 9, 1923.

Date, Inter·
1923 val

Set out

No.
Latitude Longitude

1636 42 36 22 70 19 23
1636 42 36 22 70 19 23
1646 42 36 02 70 16 68
1648 42 36 68 70 15 17
1672 42 36 10 70 7 06
1677 42 34 68 70 6 16
1692 42 34 30 70 0 16

Whete found

Yarmouth HlIrbor, Yarmouth County, Nova Scotla_•• •••__•__• ._. Oct. 18
Port Maitland, Yarmouth County, Nova Sootla.. ••_._••_---. • __._.__• Oct. 12
Cockerltt Passaf~.Shelbourne County, Nova Scotla••_••• •• • ._ Oct. 13
16 miles north 0 xarmouth Cape, Nova Scotla. • ••__•• _••• .• Dec. 26
East side Digby Gut, Nova Scotla. ._. , ._••__ ••_••••• Nov. 2
Dogs Bay, Roundstone West, County Galway, Ireland ••__ • ._.__ 'Jan. 2
East of Preston Llttlehampton, Su.'!Sex, England __••__•• • ••__ 2Sept.26

Dar'
60
64
66

138
86

11926. '1924.

SERIES G: Bottles Nos. 1801 to 1900; two every half mile on a line running 730

from a point half a mile off the radio towers at South Wellfleet, Cape'Cod, for 2~

miles, August 16, 1923.

Date, Inter
1923 val

Set out
No,

Latitude Longitude

1815 41 56 03 69 62 40
1826 41 66 48 69 49 36
1881 42 00 67 69 31 20
1886 42 01 16 69 30 06
1892 42 01 42 69 28 15

, 1924.

Where found

Nauset Harbor, Mass_••__ . ••••••••_. •••_••••_.__••__.~ ._ Sept. 12
Nauset Lighthouse, North Eastham, Cape Codj Mass _.__._••••••~ ••• ._•• Aug. 18
Eastern edge of Georges.Bank,latitnde 41° 50', longitude 66°0'•• • • Oct. 14
Bally Telque Bay, Kilnare Quay, County Wexford, Ireland••• . ._.._ 'Sept.2O
Tiverton, Digby County. NovaScotla•••_••__••__"•••_. • • 'Jan. 12

Dars
27
2

69

'-"i49

SERIES H: Bottles Nos. 1 to 85, placed in Nantucket and Vineyard Sounds in
1924, as follows:

LOn a ,~ne from Great P()int, Nantucket IsJaIld, Nt 100W'Hru.nn,~, about
one-half mil~ west ofHandke:rchi~f Shoal>n~htshiptq'fithinaboutl~'niiIel:tqf~h~
coast of Cape Cod. Bottles dropped approximately one-third niile a.Part.· 1lo~t1~
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No.1 was dropped nearest Great Point at 11.17 a. m., August 4. Bottle No. 45 was
dropped nearest the mainland at 12.45 p. m.

2.' On a line from Succonesset Point to Cape Pogue. Bottle No. 46 was dropped
nearest Succonesset Point at 10.17 a. m., August 5, while No. 67 was dropped nearest
Cape Pogue at 10.59 a. m.

3. On a line from Pasque Island to Menemsha Bight. Bottle No. 68 was
d.ropp~d nearest Pasque Island at 12.04 p. m., August 6, and bottle No. 85 was
dropped nearest shore in Menemsha Bight at 12.38p. m.

Set adrift Recovered

No.
D.ate,Date, P18ce Plaee1924 1924

--
2 Aug. 4c. From Great Point north 10· west % Oct. 4 Point Plsassnt Beach, N. J.

mlle.
3 ••_do •__• From Great Point north 10· west 1mlle_ Sept. 29 1 mlle east of Mecox station, Bridgehampton, Long Island,

N.Y.
14 ___do ____ From Great Point north 10· west 4% Sept. 22 East Hampton, Long Island Beach.

miles.
19 _._do ____ From Great Point north 10· west 6:J.t I Mar. 4 Eorabus, Bunessan, Muli, Argyle, Scotland.

miles.
Z1 •__do •. __ From Great Point north 10· west 9 Sept. 30 Lonelyville, Fire Island, N. Y•

miles.
28 ___do ._•• From Great Point north 10· west 9:J.t Oct. 7 About 72d Street, Holiday Beach, N. J.

miles.
.31 _••do ___• From Great Point north 10· west 10:J.t Sept. 29 Beach Haven, N. 1.

miles.
37 ••_do ___• From Great Point north 10· west 12:J.t Aug. 22 In Bucks Creek, South Chatham, Mass.

miles.
38 _._do •••_ From Great Poiut north 10· west 12% Aug. 20 Harwlchport, Mass.

mlles.
39 _._do __._ From Great Point north 10· west 13 Aug. 7 1 mile west of Monomoy Coast Guard statioJ;l :(south 0

miles. Che.tham, Mass.).
41 •••do __•• From Great Point north 10· west 13% . Aug. 11 Forest Beach, South Chath!lm, Mass•

miles.
42 •_.do ____ From Great Point north 10· west 14 Ang. 9 Hardlngs Beach light, Chatham Bay, Mass.

miles.
43 ___do ••_. From Grest Point north 10· west 14% Aug. 16 Yo mile from Hardings Beach light, WtSt Chatham, Mass.

miles.
44 •••do ._._ From Great Point north 10· west 14% Aug. 9 Bucks Creek, South Chatham, Mass.

miles.
415 ___do _••• From Great Point north lO·west 15 Aug. 10 South Chatham, Mass.

miles.
46 Aug. 5 From Succonesset Point south :J.t mile_ Aug. 26 4 miles southeast of Rose and Crown Buoy, Nantucktl

Shoals Mass. .
47 __ .do _._. From Succonesset Point south % mile. Aug. 16 1 mile 011 Wiano Point, Cap: Cod, M8IS.
49 ._.do ____ From Succonesset Point south 1:J.t miles_ Aug. 11 West side of Great Island oint, Hyannis Harbor, Mass.
50 _••do ____ From Succonesset Point south 1% miles. Aug. 10 Near Hyannis Lighthouse, South Hyannis, Mass.
51 •••do ____ From Succonesset Point south 2miles._ Aug. 29 Mouth of Bass River, Cape Cod. Mass.
52 _••do __._ From Succonesset Point south 2:J.t IUlles. Aug. 9 Between Marthas Vineyard and Suceonesset Point, Mass.
53 _•.do _.__ From Succonesset Point south 2% miles. Aug. 18 West side of w,annis Harbor, Mass.
55 _._do ____ From Succonesset Point south 3:J.t miles. Aug. 10 West Beach, yannisport, Mass.
56 _._do ____ From Succonesset Point south 3%miles. Sept. 11 Bass River, Mass.
63 _••do "___ From Succonesset Point south 6 miles". Aug. 31 Dennisport Beach, C~ Cod, Mass.
64 _••do ____ From Succonesset Point south 6:J.t miles. Aug. 26 Foot of Morey Lane iasconset, Mass.
66

__ .do ____ From Succonesset Point south 7 miles.. 'Dec. 17 At entrance to Chatham Harbor, Mass.
67 ••.do ____ From Succonesset Point south 7~mlles. Nov. 10 1 mile west of the Green H1JJ Coast Guard station (R. I. 1)
68 Aug. 6 From Pasque Isle south :J.t mile_.______ Aug. 18 Northeast shore of Cuttyhunk Island, Mass.
69 __ .do ____ From Pasque Isle south % mile__•• ____ Aug. 14 2 miles north of Woods Hole, Mass.
71 _••do _,._ From Pasque Isle south 1:J.t. miles ______ Aug. 7 U mile northeast or Cedar Tree Neck, Vineyard Bound, Mass
72 •••do _••_ ' From Pasque Isle south 1% mlles .•••_. Sept. 21 Extreme end of Tuckernuck Island, Mass.

, 74 __ .do ._". From Pasque Isle south 2:J.t miles _. ___• Sept. 22 Brant Beach, N. J.
76 •••d()..~._ From Pasque Isle south 3 miles ._._.___ Aug. 14 4 miles northwest of Vineyard Sound Lightship.

. 79 ___do __._ From Pasqua Isle south 4 miles __•• ____ Aug. 27 Menemsha Bight, Vineyard Sound, Mass.
SO __ .do •••• From PllSque Isle south 4:J.t miles ••__ ,,_ Aug. 10 East pass~e, Narragansett B:;:, R. I.
81 __ .do ••_. From Pasque Isie south 4% miles __._._ Sept. 29 1 mile nort of Sea Isie Clff.' .J.
82 •••do ___• From Pasque Isle south 5 miles ________ Sept. 30 Hereford Iniet, Anglesea, . J .
83 ••_do ____ From Pasque Isle south 5:J.t miles ___•__ Aug. 11 Ribbon Reef, Yo mile west of buoy.

11926 J 1924.

SERIES I: :Bottles N<>s;l to 60, set adrift inMassachusetts and Cape Cod Bays,
FebrUa:ry6 lindT, 1925, by.the Fish Hawk, cruise No.6. (For station record, see
p;1004.) . . .



PHYSICAL.OOEANOGRAPH'f' ;OF,TREGULE'OF> .:r.tAINE 877

Dal/.
Near radio station, Nantucket.__••_._ ••••• lune 14 128
Fire Island Coast GUtIfd, station, N. Y _•••••••_... luly 4 87
Beach, Provlncetown/Mass••_•••••••••••_ __••••••• Feb. 11 5
Pilgrim Heights, Mass _._ _••••••••• • Feb; 26 20
East end of breakwater, ProvIncetown, Mass••••••••••_••• ".... F~b. 12 6
PIckett Wharf, Provincetown, Mass __•••• F~b. 14 8
C. L. Birch's store, ProvIncetown, Mass•••••_ __ __ ._••_. F~b. 11 5
Canfl!ctory whllrf,Prllvlncetown, Mass••••_•••.••••'••••_ •••c......do _... II
Be.ach at ProvlnoetQwn~¥ass•••_••••••••••_•••••~•••-.-.-...... Feb. 12 6
Beach at North Truro, *8118•••••_•••_••_•••_•••__••••_.__••__•• Feb. 11 5
East Hllrbor, Provincetown; MlISS••••_•••••••••__••__._. ._•••••do _... 5
Eastern cold.storlllllwharf. Provincetown, M8118- _••• __ .do .,.. II
Smiths Bathing Beach, Mass••__•••••.•••c _.... Feb. 12 11
Provlnoetown Harbor, Mass.•__•• _••_._ _......... Feb. 11 6
On beech, Provincetown Harbor, Mass _••••_... Feb. 14 8
Pro,v1ncetown Harbor, Masa •••c•••_c -,O ••••_. __••_ •••__••• Feb. 12 6
North Truro BeacJ!, Cl!pe Cod Ba:l', Mass•••_ _. •• Feb. 17 11
Bay shore, North TrurO, Cape Cod, Mass_••• _ _•••••_... Feb. 22 16
Beach Point, Provincetown Harbor, M8118....._••••••_.__••••••• Feb. 23 17
Provinoetown Harbor, Mass••••••••• •••••••••••_•••••.••••••• Feb. 18 12
29 miles from Easteru Point, 8tellwH8n Bank••••••••••••, •••••• Feb. 16 ' 10
Surfside, south shore, Nantucket.••_ _•••••••••••• lune 30 144
Freeport, Digby County, Nova Scotla_•••••••••__ ••_.__••_•••••• luly 2 146
28 miles easwoutheast from Thatchers Island••••••_••••_••••••••__.,••••••"._,.

S~tout ,
...

No.
Hour LatItude Longitude

0 0

15 12.45 p. m ••• 42 12 00 70 23 30
22 2.00 p.m•••• 42 03 18 70 14 42
25

.~:~~3~ ~::::
42 00 45 70 11 00

26 42 00 45 70 11 00
27 •••••do c_•••• 42 00 45 70 11 00
28 4.10 p. m•••• 41 58 12 70 10 48
29 •••••do •••••• 41 58 12 70 10 48
30 ••••_do •••••• 41 58 12 70 10 48
32 4.40 p. m..._. 41 05 30 70 09 30
33 •••••do •••••• 41 65 30 70 09 30
84 5.35 p. m•••• 41 52 13 70 10 30
85 •••••do ...... 41 52 18 70 10 .30
86 ...._do •••••_ 41 52 18 70 10 80
87 6.00 p.m.... 41 49 30 70 11 15

,38 .....do ...... 41 49 30 70 U 15
89 ••••cdo ...... 41 49 30 79 11 15
40 6.52 p. m___• 41 52 27 70 15 24
42 •••••do __•••_ 41 52 27 70 Iii. 24
43

.::~~3~ ~::::
41 00 00 70 18 30

44 41 56 00 70 18 30
74 10.45 a. m._. 42 07 18 70 36 86
78 11.00 a;m... 42 09 30 70 38 15
85 12.00 p. m .. _ 42 16 06 70 42 30
89 1.10 p.m.... 42 18 15 70 44 00

Where found· '.'Date, " Inter.'
1925 val

SERrES J:BottlasNos.91 to,10l, set out in IpswiehBay and off Cape Anriby
the Fish Hawk, April 7, 1925.

Setout Fish
No. Hawk Where found Date, Inter.

st.... 1925 val
Hour Latitude Longitude tlon

r---
0 ,

" 0 ,
" DBI/'

95 8.20 a m•••__ 42 49 30 70 40 00 23 ~ mile west of RI!ce Point, Cape Cod ._••••••_••_._•••___ Apr. 21 14
96 ._••do ._._••• 42 49 30 70 40 00 23 ~ mile southeast of Race Point, Cape Cod •__••_••••••••_ Apr. 24 17
97 4.30 a. m •••• 42 46 00 70 40 00 21 2 miles oft Cutler, Me.._••-•••••••_•••_•••___-.-.---____• lu!y 21 106
99 6.10 a.m •••_ 42 88 00 70 33 00 29 2 miles north of Brant Rock, Masa., Coast Guard statlon._ Apr. 29 22

SERIES K: Bottles Nos. 102 to 141, set out in pairs by the Fish Hawk in
Massachusetts Bay, May 20 to 22, 1925, cruise No. 13 (p. 1004).

Set out Fish
No. Hawk Where found Date, Inter.

sta· 1925 val
Hour Latltllde. Longitude tlon

--.. ,
" 0 ,

" Da".
103 6.41 a. m •••• 42 18 15 70 44 00 17 '·Dennlsport, Mass••_•••••__•••••••••••_•••••••••••_•••••• June 6 17
106 9.10 a. m•••• 42 16 54 70 30 30 18A 3 miles northwest of Race Point Llght~ Cod••___•__ May 26 6
108 11.15 a.m.._ 42 05 00 70 35 00 14 1~ miles north of Pamet River Coast G station, Cape May 30 10

Cod.
109 ._._.do _••••_ 42 05 00 70 35 00 14 Coast Guard station, Provlnoetown, M8118_.__ ._••_..•_•• May 25 5
112

.~:~Bo ~::::
41 56 00 70 18 30 6A Race Point, Mass., Coast Guard statlon••••••••_. __._•••_ lune 1 12

113 41 56 00 70 18 30 6A South Beach
i

Edgartown
b
Mass.__••__•••••____•__•••_... lu!y 24 66

114
_~:~~3o ~::::

41 49 30 70 11 15 7 6 miles east 0 Gurnet Lig t, Plymouth, Mass•••••____••• May 29 II
115 41 49 30 70 11 15 7 South Truro, Mass.............._.................. ___••• May 26 6
117 5.55 p. m.... 41 55 30 70 11 15 6 5 miles west of RaCe PoiDaCape Cod____ •••___._._•••••• May 31 11
118 5.00 a. m._._ 42 05 30 70 17 00 4 Nauset Beach, near Coast uard station, Eastham, Mass_ July 12 62
120 7.00 a. m •••• 42 09 30 70 19 30 3 75 miles southeast by south from Cape Cod Llght••_••••_ JUDe .l2 22
126 12.05 p. m•• _ 42 23 30 70 15 30 32 1~ miles West of Race PoInt. COllS.t Guard s.tatlon, Cape May 27 6

Cod.
127 ___••do __•••• 42 '23 ~o 70 15 30 32 2 miles oft Peaked um bar, Cape Cod._••_._.__••_____••• ...do ._•• 6
136 7.10a. m•••• ·42 30 15, 7P .~ 15 36 Marblehead Neck, MI!S8."____~_._ •...;••-.-.............-. July 15 64
137 ••_••do ...... 42 30 15 70 43 15 86 Pea Island, N8hant, Mass_•••••••___ ~ ..__•••____•••••••_. June 1 10
139 8.25 a. m .••_ 42 28 00 70 48 00 37 ~y'i':~leJ::~h~fJ:s~~~.~!~d, :::~~~~~~~~:.~~:::::::: May 81 9
140 9.20 a. m.__• 42 24 15 70 52 15 38 May 27 5
141 _••••do •••••• 42 24 15 70 52 15 38 Long Island, Boston Harbor, Mass__ .........._.....__••• May 28 6
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SERIES L: Bottles Nos. 1901 to 1941, set out by H. C. Stetson on a line run
ning75° for 10 miles from Dry Sll,lvages Beacon, off Cape Ann, 1 bottle every ontt
fourth mile, April 19, 1926. First bottle put out at 7 a. m.; last bottle at 9.11 a. m.

Distance
out from

No. starting
point

1904
1007
lUll
1913
1915
1916
1UI7
1918
lUlU
1922
1923
1927
1931
1941

Wh~lounQ.

MlltB
1 1 mile e&8t of Madakket Coll8t Guard stetiOD, NlIIItuek.H8Jand- . _
1~ Monomoy Point, M88S." · •. • ~ ~.~ ._ . • .~---------. _. __
3' South shore of MarthasVlneyard

l
!>8tween Gay Head and Edprtown • •

3~ 2 miles south of Chatham Light. M88S: "__~---- .•---.----.:--------------~------.---- _
~ 1 mile north of Pamet River Coast Guard statloq, Cape ROd-.-.------------------.---..-----4 . I mile north of Old Harbor Coast Guard stetlon, Chatham,M88S • •__
4~ Beach near Hummook Pond, Nantucket _._~••• : .~---.------------------

4~ South shore, Nantucket, near radlG steiiOJ;l :"_.__• ._~.----.------"--------------------.-
4~ .1~ miles west of Race Point Coast Guard station, Cape COd • . ; _
5~ Lepreau Harbor, Charlotte county,New Bninswlck_.__ . ....._ • •__..--.----- •__
5~ Harts Island, Port Clyde, M.e.... • ~---"-- .• . •• • ._. _
6~ 12 miles below Digby Gut, Ncva Scotia, I mila oft'shore __ ..._. .• _
U~ III miles west of Brier Island, Dlg!>y:CountYl

Neva Scotia •__• • •• _
10 ~ mile from Weymouth Light, Dllby· 00uD 1', Nova Scotia ._. ._

.

Date. In"
1ll2G VII

--
D4ff

J·une 30 10
June 7 ·U
July 4 74
May 30 1IO
June 26 8&
May 27 38
June 2 4f
Sept. 8 112
May 21 82
July 24 114
July 15 86
.Aug. 16 119
July 3 73
July 7 77

SERIES M: Bottles Nos. 1942 to 1970, set every one-half mile on a line from
light buoy off Manomet Point, Mass"to Wood End, Provincetown, by Henry C.
Stetson, April 21,1926, First bottle put out at 11 a. m.; last bottle at 3.30 p. m.

Distance
set out

No. from
Mano.

met

Where found Date, Inter.
lU26 val

--------~----------------------I---

1945
1946
194U
lU53
1956
1960
1961
1963
1964
1965
1967
1968

MileB
1~ Wood End Coast Guard stetlon, Provlncetown • ••• •• • May 22
2 Provincetown Bay, Provlncetown,MIlS8__._. ._. ._••__ •__•••••• May 3
3~ Wood End station, Provincetown, Mass. __ r · __ ~ .- - -. •• • ---.-.----------.\Pf. 28
5~ Provincetown Bay, Mass ------7--------,---------.------- .. ..~____ June 12
7 3 miles north of Wood End statIOn, ProvlDcetown, Mass • •• ••• •• Apr. 28
U ~ mile south of Race Point Light, Cape Cod • ._ . • -- June U
U~ Race Point Light, Provincetown, Mass c • • •__ • • ~__ •__" •• •• • __ Apr. 23
10~ Rsoe Point Light stetlon:..Provincetown! ¥ass ._••• • -__•• May 10
11 Near Race PQint Light, rrovlncetown, MasS. ------_-_._.__•__, •__• •__•••••• ._. May 2
11~ 2 miles north of Wood End Light, Provincetown, Mass ••__•. __do • _
12~1 I mile south of Rsoe Point, PrOVincetown. Mass ._. • • May 12
13 Wood End Run, Provincetown, Mass ._....__•• •• ..• May 15

D411'
31
12
7

52
7

4U
2

lU
11
11
21
2.

SERIES N: Bottles Nos. 1971 to 1980, set out by Henry C. Stetson every one
half mile on a line running 2440 for 5 miles from a point 1 mile west of the mouth of
Pamet River, Truro, Mass., April 21, 1926. Outer. bottle set out at 3.55 p. m.; inner
most bottle at 4 p. m.

DistanceI
No. set out

offshore
Where found Date, Inter-

1926 val

1U7.
IU75
1978
1980

MUeB
4 ~ mUe SOllthofWoodErid 'Coast Guard Statioll

1
Provincetow!1J MasS_. •• . •. Apr. 24

a~ 1 mile olf Church Point Llg!:lt, St. Marys J3ay. DIgby County, l'lova Scotla • July U2 ,Olf Wood End Light, PrOvmcetowll Mass. • •__•• .__ Apr. 29
.1 Seeleys Cove, 5 miles west of.BeaverHarbor Light, Charlotte County, New Brunswlck .__ July 22

DallB
3

711
8

92
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Sl!JRIES 0: Bottles Nos. 1952 and 1981 to 2000,' set out on July 18, < 1926, by
T. E. Graves, on a line running 107° from CapeNeddick,Me.,for9fuiles, 1 bottle
every one-half mile. First bottle (No. 1952) put out at 8.17 a. m.; last bottle (No~

2000) at 10.44 a. m.

Distance
set out

No. from
Cape

Neddick

Where found Date, Inter.
1926 val

1982
1986
1987

Mile, DIJV'
l~ Kenwood Bridge, Salem, Mass • • • ----.-.---••-----.----_••-- Aug. 4 17
3 10 miles southeast by south trom Thatchers Island, Mass ••_. •••_••• • Aug. 3 III
4 ._ do •__ • •••• • ._••••_.__ -- •__• ••• •• • .do.___ _ III

GENERAL DISCUSSION OF THE RECOVERIES

With the Bay of Fundy experiments as a guide, it ,was natural to expect a con
siderable number of the bottles released in the Gulf of Maine on the several lines off
Mount Desert, Cape Elizabeth, and Cape Ann, in 1922 and 1923, to be picked up in
the Massachusetts Bay region. This, however, did not prove to be the case. Not
a single bottle from. any of these series has been found anywhere between Cape Ann
and the southern elbow of Cape Cod,and only five of them south of Kennebunkport.
It is therefore evident that the dominant surface drift was not the same in the sum
mers of 1922 and 1923 as it was in 1919, but drifts of the 1919 type were recorded
for series Land 0, as described below.

The most striking aspect of the experiments carried out in all these summers is
that more than 30 per cent of all the recoveries of bottles put out north of the south
ern angle of Cape Cod have been from the Bay of Fundy and Nova Scotia, which
(if these were the only data available on the circulation of water in the gulf) would
obviously suggest a drift from south and west to north and east. However, as we
have just seen, the bottle drifts of 1919 and of 1926, on the contrary, point to an
anticlockwise current skirting the shores of the gulf from northeast to southwest,
and salinities (p. 910), temperatures (p. 918), and the distribution of the plankton
(p. 923) all point in the same direction. It therefore becomes necessary to reduce
these apparently contradictory lines of evidence to a rational order, which may best
be done by analyzing the results for the years 1922 to 1926 regionally, not chrono
logically, to test whether they prove consistent, one with the other. The dominant
sets of the surface water are shown rather clearly for the southwestern part of the gulf
by the lines off Cape Ann, in Massachusetts Bay, off Cape Cod, and in Vineyard and
Nantucket Sounds. These, therefore, may be considered firat, lea.ving until later the
study of the more puzzling drifts of the bottles set out in the northern side of the
gulf.

SOUTHWESTERN SERIES

The~ bottles were set out off Cape Ann, in Massachusetts Bay, off Cape God,
and to the southward of the latter.

The Cape Cod line of July, 1922 (line B), proved, in some ways,the most instruc
tive of all, for out of these 600 bottles,131,or 22 per cent, were picked up within
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4 months. TheJinemaybe divided into three sections, according 'to the localities
of recovery: First, an inner section, from Cape Cod f,l.Ctossthe tnouth of Nantucket
Sound and skirting the easterly edge of Nantucket Shoals; second,a middle section,
from the shoals out nearly to the edge of the continent; and third,the outer end of
the line to the seaward of the continental edge.

Ten bottles out of the 250 set out along the inner section were picked up to the
eastward, three of them on the Nova Scotian shore of the Bay of Fundy, one on the
northeastern part of Georges Bank, and five (after short drifts) in the south channel
and along the northwestern side of Georges Bank (fig. 174).66 This last group of
recoveries is especially instructive as evidence that the,surface water to the south
and southeast of Cape Cod was setting in a southeasterly direction at the time.
Bottle No. 362, picked up 40 miles to the southeast of the place of its release, after
5 days' drift, and Nos. 396 and 405, found 30 miles away after 8 days, can hardly
have diverged from a direct line except to follow the spiral tracks induced by the
veering tidal currents of this region, unless the dominant set was more rapid, a.t the
time than other experiences in the gulf would suggest. 67 A southeasterly set is also
indicated in this generalregion by the current measurements carried out by the United
States Coast and Geodetic Survey (p. 864).

The uniformity of these southeasterly drifts makes it likely that the ,bottles that
went from the inner' end of line B to the eastern end of Georges Bank and to Nova
Scotia also drifted in a southeasterly direction at first, veering to the eastward-i. e.,
anticlockwise.

It seems that this inner section of line B followed the boundary of demarkation
between this southeasterly set and another drift directed more to the southward from
the mouth of Nantucket Sound, veering westward past Nantucket Shoals, because
20 bottles from this section were picked up along the southern coast of New England.
The fact that current measurements show a general southeasterly set over Nantucket
Shoals and a summer set to the west and northwest at the lightship a few miles farther
south, makes it more likely that these bottles rounded the shoals than that they
crossed the latter.

It is a question of considerable interest whether 11 bottles, spaced across the
eastern entrance to Nantucket Sound, which were picked up along the south shores
of Nantucket, Marthas Vineyard, and of New England between Buzzards Bay and
and Block Island, drifted directly westward through Nantucket and Vineyard Sounds
or whether they also traveled southward around Nantucket Island and Shoals. Of
course, a positive answer can not be given; but it seems hardly conceivable that some
of them would not have been picked up afloat in the sounds or stranded along shore
there if they had gone through, because these beaches are thronged with vacationists.
Actually, however, not one of the bottles from line B was found along the northern
coast of the sounds, and only one of them on the northern shore of Nantucket, 159
days after it was set afloat. One, however,after 30 days afloat, was found 1 mile
inside Gay Head at the western end of Marthas Vineyard, where many species of
tropical fishes have bMn recorded in summer. Thus, it seems almost certain that

II One bottle from this section went to France.
•, Bottle No. SlO was reported on the northwest slope of Georges Bank, 50 miles from where It was set out. within 3 days.

This ostensible drift Is so rapid, however, that Saine error In the reported locality seems probable.
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this.group of bottles. went out around Nantucket. es Bottle No. 536 Jou.meyed;to
the south shore of Marthas Vineyard (85 miles) at a rate of at least 4 miles per day.

11' 7<1' 68" 67' e6'

FIG. 174.-Assumed drifts of representative bottles recovered from line B, set out olf Cape Cod, July 6 to 8,1922. .,place
of release.

The mid-section of line B (lat. 40° 50' to lat. 41 0 30') was clearly involved in this
same set, veering clockwise around Nantucket Shoals, because 50 of these bottles out
ofa total of 103 were picked up along the shores of southem New England, from

II The assumed routes for this group of bottles are laid down on the chart without reference to Nantucll:et8hoals. ActUally.
however, the complex tidal currents amoni these banks and throuih the channels between them must Jive a very circuitous
route to any flotsam In that reJIon.
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:Nantucket westward, and along the eastern half of LongIsland, New .york, the great
majority on the south shore of Marthas Vineyard, at the mouth of Buzzards Bay,
and near Block Island.

This percentage (}f recoveries is larger than for any considerable section of any
one of the other lines along which drift bottles have been put out in the Gulf. of
Maine, so large, in fact, that representatives only can be shown on the chart (fig.
174). With the recoveries condensed in so short a section of the coast line, it is
obvious that these bottles came within the grip of a very definite current setting
northward and inshore, probably around the shoals.

The alteration along line B, from westerly drifts at the inshore end to easterly
and westerly both from the next section of 40 miles, and then to westerly again from
the mid-section, is clear evidence that the line followed the boundary between the
Gulf of Maine eddy and the clockwise drift around· the shoals to the west just
stated, locating the southern boundary of the former at about latitude 40° 50'.

This westerly drift certainly involved the water right out to the edge of the
continent, because 22 bottles from the outer section of line B (including the outermost
of all, set adrift 40 miles out from the 200-meter contour) were picked up between
Nantucket Island and Fire Island Beach on Long Island, N. Y. Seventeen of these
outer bottles (10 from just inside and 7 from just outside the continental edge) were
found on the North Carolina beach, a few miles north of Cape Ratteras,69 after time
intervals averaging 85 days (73 to 112 days). The mean distance traveled by this last
group of bottles (if they followed a straight line) is about 410 miles-slightly longer by
their probable route-giving a minimum rate of nearly 5 miles per day. It is probable,
also, that the time intervals between the dates of setting out and recovery correspond
very closely to the periods when actually afloat, because the sector of beach on which
they stranded is continuously and closely patrolled by the Coast Guard stations.

Some further light is thrown on the tracks that the bottles of this last group
followed on their journey, by recoveries set adrift a few days later along a line (0)
running southeasterly from New York, 111 of which were picked up between Dela
ware Bay and Cape Hatteras. Most of those that reached the North Carolina
coast from the outer part of this line were spaced from a point about 45 miles from
the New Jersey coast out to a point some 40 miles beyond the edge of the conti
nent, as marked by the 100-fathom contour. It is therefore fair toasstime that
the bottles from the Cape Cod line that drifted farthest south likewise passed
Delaware Bay within a few miles (one way or the other) of the continental edge,
where they would have intersected the New York line.

The fact that so many of the other bottles from the same outer section of the
Cape Cod line drifted inshore, to strand along southern :NewEngland, makes it likely
that this whole group of bottles set northwestward, in over the outer part of the
continental edge at first, and then separated,.aome veering to the westward and
southwestward along the outer part of· the shelf, others turning northward toward
the coast. There must also have been a rather direct drift of surface water in that
direction from the offing of Nantucket Shoals, and so in toward the land, at the
time, for if the bottles· that traveled. tha.t route had gone far west before turning

.. Scattered from False Cape to a point 9 miles north otHatteraa Light.
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north the New York line would have been involved in this aamedrift and so have
stranded along the coast of Long Island to the east of Fire Island lighthouse, where
only three of them actually were found.

The combined evidence of these Cape Cod and New York lines thus points to a
dominant movement of the· surface water along the edge of the continent, westward
and southward from the offing of Nantucket to Cape Hatteras, but complicated by
a clockwise eddy movement in toward the lltIld west of NltIltucket Shoals, just where
flotsam from the so-called /I Gulf Stream" (gulf weed and various tropical animals)
mbst often drifts in to the coast. No such tendency for the surface water to set
inshore from the outer part of the continental shelf is reflected in the drifts to the
west of this, however, not a single bottle from the Cape Cod line having been found
between New York and Chesapeake Bay, though bottles from the New York line
were picked up all along this 250-mile sector.

No further discussion of the bottles set out off New York is called for here, as
they do not immediately touch the Gulf of Maine, except to emphasize that neither
they nor the Cape Cod line afford any evidence whatever of surface water entering
the gulf around Nantucket from the southwest. It has long been .known that the
southern angle of Cape Cod marks a rather abrupt faunal division between the
waters of Nantucket and Vineyard Sounds, on the one hand, and the more boreal
Gulf of Maine, on the other. It is obvious that a division of this sort, with no
change of latitude, is associated with the nontidal circulation of the water.

It was to check the evidence of the drifts from .line B and measurements with cur
rent meters (p. 864) pointing to a set of water outward from the eastern end of Nan
tucket Sound, and so toward the southeast, that lines H (p. 875) were set out along
three sections of the sounds during August, 1924.

Thirty-seven of these 85 bottles have been recovered within the sounds, along
the outer shores of Nantucket, and still farther west, but not one of them within
the limits of the Gulf of Maine.

The drifts from the western end of Marthas Vineyard (Pasque Island to Menemsha
Bight) may be passed over briefly. Eleven of these were picked up-1 on Cutty
hunk Island, 2 in Vineyard Sound, 1 on Tuckernuck Island, 1 within Buzzards
Bay, 2 at the mouth of the latter, 1 in Narragansett Bay, and 3 on the Rhode Island
shore (fig. 175). It is not easy to reconstruct the probable paths of all of these.

The series was set adrift on the first of the ebb, which sets westward here through
Vineyard Sound and northward from the latter through the /I holes" between the
Elizabeth Islands into Buzzards Bay. It is probable that the bottles found in
Buzzards Bay and on Cuttyhunk went north through Quick's Hole, becausa they
were put out close to .Pasque Island at about high water and would soon have been
carried in that direction by the ebb. If· this line had been put out on the flood
instead of at the beginning of the ebb it would probably have been carried far
enough up the sound before the tide changed to come within the easterly set that
appears to dominate Nantucket Sound. Actually, however, most of these bottles
must hllve drifted westward for the first 5 or .6 hours, carrying them about to the
mouth of Vineyard Sound, where a division evidently tookplace.Two bottles from
the northern end seem to have been carried ba.ck into. the sound by the next flood,
one of them to be picked up two days later on the Mart.has Vineyard shore, 6 miles
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to the east of where it was put out, the other on Tuckernuok Island, between
Nantucket·and Marthas Vineyard,. after 46 days.

The others, from the southern end of this line, seem to have been carried' far
enough out of the sound on the first ebb to escape the next flood back again. The
two that were picked up at the mouth of Buzzards Bay must have drifted on a
comparatively direct route, for one was picked up after five and the other after six
days. Evidently they came within the sweep of the Buzzards Bay tides. The
bottles that went to New York and New Jersey must have escaped this. The one
that was picked up at the entrance to Narragansett Bay only five days after it was
put out evidently followed a route directly westward, making it a fair assumption
that the three others set afloat close by, which went to New Jersey, also tranled
via the same route, paralleling the coast.

FIG. 175.-Assumed drifts of representative bottles recovered from line!! H,set out In August. 1924. •• place of release

It would be an instructive experiment to put bottles out on this same line early
on the flood tide, so that they would journey eastward, up the sound at first, not
out of it, so to determine what net movement results from tides whose velocity (1.7
to 2.5 knots at strength) is so great that "a certain part of the water, at least, travels
a distance of one-half or more of the length of Vineyard Sound during a single phase
ofthe tide/' (Sumner, Osburn, and Cole, 1913, p. 36.) The earlier current tables
publiebedby the United States Coast and Geodetic Survey (Coast Pilot, 1912,
Appendix I)· 'indicate a net westerlydrlft of the water along the' axis of Vineyard
Sound at a rate of about.2 miles per 24 hours, th~ aaAterly movement averaging;
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about 3~ miles during the flood, the westerly ebb about 4~ miles. Morerecent
information, however, does not substantiate this, ebb and flood being given as
approximately equal along the axis of the Sounds' in the current tables for 1924
(United States· Coast and Geodetic Survey, 1923); and ,the fact that considerable
quantities of gulf weed so often drift into Vineyard Sound and through into Nantucket
Sound in the summer season points rather toa net movement inward into the former
from the westward.

The returns from the line next to the east (Succonnesset Point to Cape Pogue;
fig. 175) are consistent with a dominant set 'from west to east along the southern
side of Nantucket Sound, because all but one of. the recoveries were to the eastward
of where the bottles were set out--9 of them from points along its northern shores as
far as Chatham; 1 close to Rose and Crown Buoy outside the sound, about 11 miles
east of Nantucket Island; 1 from the southeast shore of Nantucket; and 1 from the
coast of Rhode Island. Bottles from all p~rtsof.the line stranded along the north
shore, and the drifts that went out of the sound were from both ends of the line (the
bottle picked up near Rose and Crown Shoal was thrown out closest to Succon
nesset). This suggests that all traveled eastward at first, as would naturally happen,
as they were put out one to two hours after low water; but this first flood, running
at an average rate of about 1 knot, can only have carried these bottles 4 or 5 miles
east.

It is possible, of course, that the bottles that went flOm this line to the eastern
side of Nantucket and to Rose and Crown Shoal passed out of the sound via the
Tuckernuck Channel; but the more direct route eastward is the more probable when
these drifts are studied in connection with the line put out across the eastern end of
the sound.

Fourteen bottles from this line were recovered, 6 of which (set out abreast. the
channel between Nantucket and Monomoy) made long journeys to Long Island,
New York, and New Jersey, while 8 bottles set out behind Monomoy Island were
picked up along the coast near by, between Harwichport and Monomoy. This divi..
sion, and the fact that the only bottles from this line that were recovered within
the sound were those just mentioned, makes it fairly certain that the bottles that
made the long journeys did not go westward through the sound, but drifted east
ward out of the latter at first and then veered clockwise to the southward and so
around Nantucket by the same general route followed by bottles set out off the
mouth of the sound in 1922 (line B, p. 880), and so continued westward,paralleling
the coast, to the points where they were fina.lly picked up.

This division between the drifts followed by the bottles from the southern and
northern parts of theline clearly reflect a tidal difference. All were put out twoto three
hours before high water; but while the first group was carried eastward by the flood
and out of the sound, the second group was caught up in the current flooding north
'ward into Chatham Roads. The fact that so many then stranded there, instead. of
corning out again with the ebb, and that so many bottles from the line next to the
west were found along the northern shore of the sound, shows that the bight inclosed
between Monomoy Point (with its submarine extension in Handkerchief Shoal) and
the south shore. of Cape Cod is the site of a subsidiary· anticlockwise eddy, as might
be expected f}lom thetrend of the coast and from the contour of the bottom.
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The combined evidence ,afforded by, ;the drifts from the two lines last discussed
points· unmistakably to .an easterly set as dominating the 8Outhern,side ofNantuckel
Sound, with It net movement of the surface water out through the channel between
Great Point and Monomoy. The time intervals for the bottles picked up at R"Os.
and Crown Shoal and on the east shore of Nantucket (21 days in each case) show a
daily rate of at least 172 to 2 miles in this direction at the time.

With none of the bottles from Nantucket Sound reported within the Gulf of
Maine, but abundant evidence of·drifts veering to the south and west around Nan
tucket Island and Shoals, it is establi~hed with reasonable certainty that the out..
flow from Nantucket Sound usually shares in the clockwise eddy movement away
from the gulf, which involved the water to the southeast of Cape Cod in 1922 (p. 880)
and which is indicated by the measurements made of the currents along the eastern
side of Nantucket Shoals (p. 864).

The fact that three bottles set out ~ Nantucket Sound in 1924 were picked up in
New Jersey, whereas none of the bottles set out abreast the mouth of the sound in
1923 were reported so far west, suggests that those that passed eastward out of the
sound in 1924 then drifted far enough southward to become involved in the drift
followed by the bottles put out on the middle section of the Cape Cod line in the
year before. An interesting annual difference thus appears in this respect.

If this general type of circulation prevails as constantly from year to year and
throughout the summer season, as the bottle drifts suggest, it goes far to explain
the fact that tropical fishes, planktonic animals, and floating plants (notably gulf
weed), which are so commonly swept from the H Gulf Stream"into Vineyard
Sound, .only exceptionally enter the gulf around Cape Cod. Passing out of
Nantucket Sound to the eastward by the same route followed by the drift bottles,
their course would then veer to the southward and so away from the gulf, not into
the latter.

An· earlier paragraph, the reader will recall, points out that several bottles from
the inner (northern) end of line 8, set out of Cape Cod in July, 1922, were carried,.
eastward into the Gulf of Maine, though the majority were .swept away ,from the
gulf, locating the division between these two .circulating movements (p. 882);

Series G was set out normal to the coast, about midway of Cape Cod, in
August, 1923 (p. 875), in the hope of throwing more light on the southern side of the
eddying circulation that dominates the surface waters of the Gulf of Maine. Only
'5. out of the 100 have been recovered, thiS being the Y()west percentage of recoveries
for any of the lines. Two of them, put out, respectively, 4 and 6 miles from the
1andr were picked up atNauset near by,one within 2 days after it was set adrift.
One bottle, set afloat about 20 miles out at s.ea, was found 2 months later (October
14) floating on the eastern edge of Georges Bank(fig. 176); one launched 5 miles
farther out was reported 5 months later from Tiverton, Digby County; on the Nova
Scotian shore of the Bay of Fundy, near its mouth; and a fifth, also from the outer
end of the line, picked up in Ireland in September a year later, completes the brief
list (p. 875).

Evidently the 'outer bottles on this line (but not the inner) took part in a drift
of the same'sort as carried $everal bottles, set· out southeast of Cape Cod. in 1922,
across .to the eastern part of Georges Bank, to the Bay of Fundy,s.ndto France
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(fig.174), so:that a set in this direotion is to be expected inth~ 'Sbuthern side of
the gulf in sumIher. . .

The measurements taken of .the currents in the region of Georges Bank
(p.865; fig. 173) suggest that this group of bottles held to the northward of the shoa.l
part of Georges Bank (Georges and the Cultivator Shoals) in their journey, and
that a separation of the tracks evidently occurred to the eastward of the latter, some
of the bottles then veering southward across the eastern side of Georges Bank, where
one was recovered from each year's series (1922 and 1923) 96 and 59 days, respectively,
after release.

The two bottles (one from eachyear's series) that went from close to Cape Cod
to Europe (one to France, the other to Ireland, after a year's journey) probably
followed much this same route, continuing on out to sea until they came within the
influence of the general North Atlantic drift. Bottle No. 543, which was set out in
the South Channel on July 7, 1922, and picked up just south of Georges Shoal 35
days later, was probably caught up in the tidal circulation over that shoal ground.

These Georges Bank drifts are good evidence that the bottles that went to the
Bay of Fundy from the two Cape Cod lines (B and G; figs. 174 and 176) likewise
skirted the northern side of the banks, continuing eastward until they. became
involved in the current setting northward into the eastern side of the gulf, which
has been developed by Mavor (1922) from Dawson's measurements of currents
(p. 861; fig. 173). The Bay of Fundy would then be their most likely destination;
and the fact that they stranded on its Nova Scotian shore, just as did several of the
bottles that Mavor set out at the mouth of the bay in 1919 (p. 868; Mavor, 1922),
makes it likely that they, too, drifted in close along its southern side.

The three bottles that drifted from the offing of Cape Cod (line B) to the Bay
of Fundy in 1922 were picked up after intervals, respectively, of 82, 102, and 105
days-an average of 97 days. Their probable route (figs. 174 and 176) being about
300 miles, a daily journey of slightly more than 3 miles is indicated. An interval of
59 days for bottle No. 1881, set out off Cape Cod on August 7,1923, and picked up
on the eastern edge of Georges Bank, points to about this samerate as probable;
but bottle No. 435, from tp.e Cape Cod series of the year previous, was not pic~ed

up on the eastern part of Georges Bank until 96 days after it was set out, though
its journey along the general route it may be assumed to have followed was no

. longer. Another bottle from the same section of this same Cape Cod line was found
on the western slope of Georges Bank, only about 50 miles distant from where it
was set adrift, after it had been afloat for 88 days. It would be interesting to know
whether it had circled to and fro over the banks during that, long period. The only
bottle from the Cape Cod line of 1923 (line G) that was reported from the Bayof
Fundy was either longer afloat or lay longer on the shore before it was noticed, the
interval between its release and recovery being 149 days, or less than 2 miles per day.

RECOVERIES FROM ,TlIECAPE ANN AND MASSACHUSETTS BAY LINES

Only 70f the 100 bottles set out offCape Annin August, 1923 (line F; p. 875),ha e
ever been heardfroIh. Five of these were found scattered along:the Nova Scotian
coast of the gulf and of the Bay of .Fundy from Cockerwit P8ISsage, in Pubnico Bay
(near Cape Sable), to Digby Gut, and two went to Europe (fig. 176) . Time
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intervals ol65 days (between release and reoovery)to Pubnico, 60 days to Yarmouth,
64 days to Port Maitland, and 85 days to Digby Gut suggest a somewhat more
d,irect route to Nova Scotia than was followed by the Cape Cod series of the- year
previous, because it is not likely that they traveled more than Sor 4 miles per day
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FIG. 176.-Assumed drifts of bottles recovered from lines F (solid curves) I\l1d G (dotted curves), set out oft Cape Ann and
Cape Cod, August 9 aiid 16, 1923. •• place of release .

until they approached Nova Scotia, ,where their daily rate may have increased to 5
to6 miles (p. 867; fig. 173). The probable tracks laid down on the chart (fig. 176)
are baeedon an assumed rate of about 3 miles per day,corresponciingto the bottles
that drifted from the Cape Cod line (line a) to the Bay of Fundy in 1922 (p. 887).
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If these drifts from the offing of Cape Ann to Nova Scotia stood alone, it would
be impossible to tell whether their tracks diverged to the left of the direct line along
the coast or to the right across the southern side of the basin. Comparison, how
ever, with the bottles that went to the same general destination and eastward along
Georges Bank from the Cape Cod lines (figs. 174 and 176) makes the second alter
native much the more likely; and when we add the fact that not a single bottle
from any' of these three lines has ever been found along the coast between Cape
Cod and the Bay of Fundy, contrasting with the number of recoveries scattered
around the southern and eastern peripheries of the gulf from Georges Bank to the
Bay of Fundy, the anticlockwise movement from the offing of Massachusetts Bay
around the southern side of the basin and along its offshore rim, as indicated on the
charts, seems fully demonstrated for the summers of 1922 and 1923.

The small number of recoveries from the Cape Ann line shows that only those
that kept farthest north on this eastward journey came within the influence of the
veering drift toward Nova Scotia. This is still more certainly true of the bottles
set out off Cape Cod in 1923 (line G). To all intents and purposes these were
entirely south of this set, for only odd ones among them were caught up by it.
Such of the bottles as dispersed farther to the south. from both these lines no doubt
drifted to the Georges Bank region, and so, probably, out into the open Atlantic,
either circling around the eastern end of the bank or crossing it, probably by the
same tracks as were followed by the bottles that went to Europe. The fact that
all the recoveries from outside the Gulf of Maine, for the Cape Cod and Cape Ann
lines of 1923, were from the other side of the A.tlantic, contrasting with the large
number of bottles that went west from the line south of Cape Cod in 1922,is suffi
cient evidence that the eddy movement that carried the latter involved only the
western part of Georges Bank at the time. In short, bottles from these lines, which
drifted 'out of the Gulf of Maine in 1923, did so in a southeasterly direction across
the eastern end of Georges Bank, traveling to the northward and eastward of its
shoal ground.

Of course, it is possible that bottles found along western Nova Scotia after long
intervals-say 100 or more days-may have followed this same route at first but
then have been caught by an indraft through the Eastern Channel (p. 866). How
ever, we have no positive evidence of this, and the chance that any bottle would be
involved in the set toward Nova Scotia after it had once drifted south of· latitude
420 is evidently very slight.

It is interesting to find that the bottles that drifted from west to ,east across
the southern side of the gulf from the Cape Cod and Cape Ann lines tended to go
far up the Bay of Fundy in 1922, but stranded near its mouth and along the Nova
Scotian coast to the southward in 1923. Apparently the northerly set, which domi
nates the eastern side of the gulf, hugged that coast more closely in 'the one year
than in the other, perhaps reflecting the prevalent winds at the time; but a differ
ence of this sort is trivial, contrasted with the uniformity of these drifts and of those
to the eastern part of Georges Bank, just discussed.

In 1919,thereader will recall, bottles from the Bay of Fundy stranded in Cape
Cod Bay, marking ,a set into the latter; but in 1923 the Cape Ann line, by contrast,
showed a drift past the mouth of Massachusetts Bay, not into the latter, proving a
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periodic variation,·withthe domin.a,nt movement following around. the coast line of
the bay in somesummEirs and passing it as a sort of back water at other times. It
was in the hope of throwing further light on this secular alternation, espeeia.llyin,iu
bearing on the involuntary. migrations of fish eggs and larvm, that series Ia:p.d K
were set out in the bay in February and May, 1925, and series L,M,BJildN in Apri4
1926 (p. 877).

Twenty-three (26 per cent) of the February series of90 bottles have been reco,v~

ered. Recoveries from bottles set out off the Plymouth shore were distributed all

follows: One (No.74) from StellwagenBank, 28 miles off Gloucester; one fromanequa.l
distance out in the basin of the gulf (fig.. 177) ; two from Nantucket; one·from thaNov$.
Scotian shore of the Bay of Fundy; 7Q and one, put out close to the tip of Cape Cod
(No. 22), went to Fire Island, New York.

These drifts, combined, show a definite surfa.ce set 9ut of the southern :side of
the bay, dividing off Cape Cod, where some bottles took the southern route doWn
past Nantucket, and so westward (which so many bottles. from the Cape Cod line
(line B) followed in July, 1922), while one, at least, was caught up in the southern
side of the Gulf of Maine eddy, reproducing the drifts ofbottles from the Cape Ann
line of 1923 (p. 887).

The bottles set out in the eastern side of Cape Cod BayfoUowed a surprisingly
definite set eastward.andtoward·Provincetown, no less than 16 out of 21 stranding
in that.harbor or near by (all of them to the east and most of them well to the north
of where they. were set adrift) after intervals of 5 to 17 days (usually 5 or6). Drifts
of this sort suggest ananticlockwise movement of the surface water around Cape
Cod Bay, with a subsidiary eddy of the same sort in Provincetown Harbor, which
finally caught them up as they set northward along the inner shore of the cape;

Ten bottles set out in Ipswich Bay on April 7 (series J)give definite evidence
of a southerly set around Cape.Annand into Massachusetts Bay, one of them ha\i'ing
been found at Brant Rock, a few miles north of Plymouth, and two near Race Point,
at the tip of Cape Cod, after intervals of 14 to 22 days. A fourth,picked up at
Cutler, Me., at the western entrance to the Grand Manan Channel after 106 days,
apparently had followed·the southern side of the Gulf of Maine eddy, veering south
east, east, and northeast, and so paralleling the drift of bottles set out off Cape Ann
in 1923 (line F; p. 887) and at about the same daily rate. A rather definite anti..
clockwise drift around the Massachusetts Bay region is thus indicated for winter
and early spring by the combined drifts of the February and April series, its southern
edge involving Cape Cod Bay but with the water farther north setting more to the
eastward and so out past Cape Cod.

This same type of circulation is still more clearly reflected by the drifts of 4;0
bottles putout in Massachusetts Bay on the 20th to the 22d of that May (series K),
drifts so easily interpreted as to demand rather detailed study. Eighteen of these
were recovered-the largest percentage (45) for anyseriea yet set out in the Gulf of
Maine.

Following around the bay from north to south We find one or two bottles set
out off Manchester71 drifting to Marblehead and Nahant, while.one bottle set

10 Freeport, Digby County. II About 3 miles '\Vest ofGloucester.
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FIG.ITl.-As8uI!led drlttsof bottles recovered,trom Ber1esI,ll8& .o1rt11l,NlIIIlIaem-ttlB,lly;"Filb!!llar16,aa4·1,uclla
Ipswich Bay, AprJ1,7r,l92&,(ser~J).;.•, p1llce of rel_
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FiG, 178.-AlI81IJIIed drIft11 or representative bottles reeoveredfrom 88I'IeI K.lI8t out In Massacl.lUll8tta Bay, May ~ to 22.
1926. eo place ofreI_, •
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out near Nahant drifted west into Boston Harbor,72 reflecting a definite set
inward along the northern shore of the bay. On the other hand, bottles that were
set out in the central part of. the bay and at its mouth showed a tendency to drift
southeastward,eithertoleavethe bay or to be caught up at the tip of Cape .Cod. Thus,
one launched near Boston lightship reached Dennisport, on the south shore of Cape
Cod (fig. 178); one set afloat on the southern side of Stellwagen Bank was picked
up 75 miles east of Cape Cod Light 22 days later; whUe a third drifted from the
offing of Race Point, at the tip of the cape, to Nauset Beach, some 16 or 17 miles
down its outer shore. One of a pair set out in the western side of the bay a few
miles north of Plymouth also rounded Cape Cod, but the other, also drifting east
ward, stranded at Wood End, near Provincetown, while one from the center of the
bay and two from its mouth, midway between the capes, were picked up on the beach
at the tip of Cape Cod or floating near by.

. The anticlockwise set, so clearly indicated by the drifts so far discussed from
this series, was also shared by bottles set out in the eastern side of Cape Cod Bay;
for all recoveries from this ,group were to the northward of where the bottles were
set out. Two of them went out around the cape, one stranding at its tip but the
other continuing southward past Cape Cod to Nantucket. One bottle set out off
Wellfleet and another off Billingsgate Island would probably have followed a sim
ilar route if theyhad not been intercepted; for they went northwestward and were
picked up midway between Plymouth and Provincetown after 9 and 11 days afloat.
The companion bottle from the Billingsgate station (Fish Hawk station 7), however,
was evidently caught in a different tidal current, for it went northeast to the Truro
shore (fig. 178).

These Massachusetts Bay studies were continued by series L to N, set out in April,
1926, by Henry C. Stetson (p. 878). Twelve of the 41 bottles put out off Cape Ann
(series L, fig. 179) have been recovered. One of these was from Race Point, at the tip
of Cape Cod, in 32 days; four were from the outer shore of Cape Cod, south to
Monomoy, in 30 to 66 days; two were from the south shore of Nantucket Island,
near the western end, after 44 and 70 days. This general tendency southward across
the mouth of Massachusetts Bay and so down past Cape Cod recalls the drifts of
bottles from Ipswich Bay and out of Massachusetts Bay the spring before. The
parallel between the two years is made complete by three returns from Nova Scotia
at the mouth of the Bay of Fundy from the series of 1926 and one from the New
Brunswick shore of the bay.

One of these Cape Ann bottles went to Point Clyde, at the western entrance to
Penobscot Bay. Without, the southern drifts just listed, for comparison, the tracks
followed by these bottles to the Bay of Fundy would be conjectural. The former,
however, make it as clear as evidence of this sort ever can that the general route
was southward at first, with a division off Cape Cod, whence some continued south
ward but others were ca,rried in an eddying course eastward and northward around
the basin of the gulf. The Port Clyde recovery alone is puzzling, but the time
interval(8p days) is sufficient to allow of. a qircuitousjourney in.its case also.

71 Another stranded close by.

8951-28-57
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The line (M) set ,out at the mouth of· Cape Cod BayfromM.anometPoint,
Plymouth, to Provincetown; on April 21, 1926, showed an, unmistakable movement
ofthe water eastward, fOil 120f the 28 were picked up near the tip of Cape Cod

711' ••• ...
Flo. IN.-Assumed drifts of reprelleJltatlvebottles recovered from SerIes L, set out oft Ca.pe Ann by R. C. 8tatson, April

19, 1926. ., plaoe of relea8e

between Provincetown and Race· Point, one passing out of the bay and thence
southward to Nantucket. Two of· the bottles set out off Truro (series N) also
drifted to the tip of the cape at Wood End, the entrance to Provincetown Harbor.
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In weighing the significance of drifts of this sort, when bottles are set out so
close to land, due consideration must be given to the stage of the tide. In this
instance all the bottles that showed a drift toward the north were setout on the flood
tide, so that they must have traveled up the bay at first. Consequently,. the fact
that they stranded where they did indicates a predominance of ebb over flood, or
in other words, a drift out of Cape Cod Bay along the eastern side.

Before leavingthe bottle drifts· in Massachusetts Bay, I should emphasize the
fact that not one of them is clockwise, but that all can be safely interpreted anti
clockwise within the bay or from north to south across its mouth and so down past
Cape Cod.

At first sight the evidence (by bottle drifts) of a dominant set out of Cape Cod
Bay around Cape Cod, and so southward along the outer shore of the latter, might
seem contradicted by the physiography of the cape; for, as Davis (1896) has shown,
the so-called" Province lands," which form its tip, were. built up by the transference
of sand along shore from the south. In fact, the existence of the sand spit known
as Wood End, which incloses Provincetown Harbor on the southwest, is sufficient
evidence of beach-drifting inward toward the bay, not outward from the latter; as
the bottle drifts demand. However, this apparent contradiction vanishes on closer
analysis. Beach-drifting 73 is effected chiefly by the longshore component of wave
action.

A glance at the chart will make it clear that winds from the only direction
(between north and southeast) that can drive a sea against the tip of the cape heavy
enough to move much sand necessarily produce a wave current westward around
its extremity. This would be the case even if the current a few hundred yards out
(tidal or not tidal) were making in the opposite direction, perhaps carrying our drift
bottles with it. Neither the tidal nor the nontidal currents scour the shore line here
violently enough to be of more than minor importance.74

Thus, beach drifting may be constantly in one direction, but the dominant set
of the water as constantly the opposite only a short distance out at sea; and it seems
sufficiently established that this is the case at the tip of Cape Cod.

Farther south along the cape beach-drifting acts in the same direction as the
nontidal drifts, both making to the southward.

The drifts from series 0 (set out near the coast, about midway between Cape
Ann and Cape Elizabeth, on July 18,1926, by T. E. Graves) proved consistent with
these Massachusetts Bay drifts (as, also, with the drifts from the Bay of Fundy in
1919) for the three recoveries so far reported were all from the southward~twofrom
Cape,Ann and the other from the north shore of Massachusetts Bay at Salem.

DRIFTS OF BOTTLES SET OUT OFF CAPE ELIZABETH AND OFF MOUNT DESERT

The drifts so far discussed have proved so consistent, both regionally and froD)
year to year, that the type of circulation which they represent may safely be taken
as characteristic of the southern and southwestern parts of the gulf. The drifts of
bottles put out off Cape Elizabeth and Mount Desert have proven equally con~ist
ent among themselves, though interpretation has not been so easy.

n 10hnson (1919 and 1lJ25) has proposed this convenient term for the longshore trans(erenC& of sand or other d~brfs.

" For an UIumlnatlng dl8CU8Slon of the relative Importance of wave and other currents In causing beach-drifting, see 10hnsOJl
(1919; 1925, p. ~OO).
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We may first consider the outer,ha:lf oftne Cape Elizabeth line of 1922 (line A,
p. 871, fig. 180) as the easiest to understand. Sixteen of these 150 bottles were
recovered, as follows: Outer coast of Nova Scotia (Scotts Bay), 1; vicinity of Cape
Sable, 1; mouth of Penobscot Bay, 2; western shore of Nova Scotia and southern
~hore of the Bay of Fundy, 12. Thus, the net drift for the great majority of these
bottles was toward the east and northeast. The fact that so many of them stranded
along the same. sector of the Nova Scotian coast where bottles from the' Cape Ann
and Cape Cod lines have been picked up (figs. 174 and 176) makes it likely tha.t
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FIG. 180.-A8lIU.med drifts of bottles recovered Cromthe'ouoor half of series A. set outojf-Cape Ellzabeth,lu!yl.1922, ••
place of releBSe .

they, too, veered from southeast to east intheir journey across the gulf, to continua
northeastward along. the Nova Scotian coast in the drift. shown there by current
measurements (p'. 861). The rapid drift of one bottle from the outer part ofthisline
(No. 280) to the Salvages Ledges (about 25 miles east of Cape Sable), where it was
picked up 67' days alter release, points similarly to a rather direct track toward the
east at first; for it can''not have followed a very circuitous rout~ unless it drifted
faster than is at all likely. It is on these bases that the probable drifts are laid
down on Figure 180~ , " '
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Why the bottle last mentioned (No. 280) escaped the drift setting northward
toward the Bay of Fundy is not clear. However, that it did escape,tocontinue east
ward, proves that the surface CUlTent that sometimes flows westward past cape
Sable was not active at the time. On the other hand, the fa.ct that only two bottles
of all this group were found on the outer Nova Scotian coast east of the cape, while
80 many turned toward the Bay of Fundy, is conclusive evidence that there was no
general flow past the latter, but that its offing was comparatively a dead water at
the time so far as any nontidal current is concerned.

Itis not possible to reconstruct the track of the "Salvages" bottle in its rounding
of the cape; it may have held farther offshore than its line, as laid down on the
chart, would suggest, and then have veered inshore again. Bottle No. 165, which
drifted from a point a few miles inshore of Cashes Ledge tg-Scotts Bay, 50-odd miles
beyond Cape Sable, may have been caught up in the Nova Scotian eddy, judging from
the considerable interval between release and recovery (113 days).

More interesting, in connection with the general circulation of the Gulf of Maine,
are the two bottles (Nos. 210 and 284) that went from the outer section of line A
to the mouth of Penobscot Bay. The direct route for these would be to the north,
of course, but it is most unlikely that they followed such a course at right angles
to the general easterly drift followed by the other bottles that went to Nova Scotia
from this same section of the line. The fact that they were afloat about as long
(85 and 103 days) as several of the bottles that reached the Bay of Fundy 76 also makes
it likely that all the bottles of this group drifted southeastward and eastward at
first. On this basis the most reasonable explanation for the eventual separation is
that while most of the bottles approached the Bay of Fundy close enough to the
Nova Scotian shore to be swept inward, reproducing the drifts of Mavor's bottles in
1919 (p. 868), others, circling on a shorter radius, hence following a more northerly
route, crossed the mouth of the Bay of Fundy instead of entering it, were picked up
in the current that flows out of the bay past Grand Manan, and so were carried
westward again. This is made the more likely by the fact that several drift bottles
put out in the Bay of Fundy in 1919 traveled by this same route to points along the
Maine coast, one of them to the same destination (Penobscot Bay; p. 870). It is
probllble, therefore, that the two bottles that went from the vicinity of Cashes Ledge
to Penobscot Bay in 1922 made a partial, anticlockwise circuit, which brought them
well over toward· the eastern.side of the gulf en route, so that they approached their
eventual destination from the east or southeast, not directly from the south.

The route of the Matinicus bottle is carried the farther eastward of the two on
the chart (fig. 180), because of its longer interval; but there is no means of knowing
whether this apparent difference is actually significant.

On the .whole, the most instructive. feature of this group is the uniformity of the
drifts and the very definite and comparatively rapid movement of the water which
these show along a narrow track from the center of the gulf to the :Nova Scotian
side of the mouth of the Bay of Fundy. .

"No. 190 to Orand Passage, 116 days; No. 206 to Digby Neck, 90 days; No. 241 to Port Lorne, 88 days; No. 242 to the olllnll of
Digby,70 days; Nos. 248 and 26Ii to the vicinity of Point Prim, 76 and 90 days; No. 264 to Long Island, at the mouth of the Bay
Of Fundy, 81 days; No. 299 to Advocate Harbor, Nova Scotian shore of the Bay of Fundy, 107 days.
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. The inshore half of the Cape Elizabeth line of 1922 (line A, fig. 181) is more
puzzling. These recoveries fall into four groups, so distinct and so farsep!lorated
that the bottles must have scattered widely within a short time after they were put
out. Four bottles· from the outer half of the· section went to the Bay of Fundy;
three others were picked up along the coast of Maine between Jonesport and the
western entrance to Penobscot Bay, the same sector to which lreveral bottles drifted
from the Bay of Fundy in 1919; one went southward. t.o the Isles of Shoals, off Portlil~

mouth; and six were found in Casco Bay or along the coast. a few miles to the east~

ward of it. The recoveries from the inner end of the line were all from near-by local.
ities, either in the Casco Bay region or along the southern shore of Cape Elizabeth.
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Flo. 181.-All8Umed drifts of bottles recovered from the Inshore halt or Serles A, set out oft Oape Elizabeth, lune-30, 1922
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If the two halves of line A be compared (figs. 180 arid 181), it is at once evident
that the percentage of bottles that went to Nova Scotia was much greater (14 bottles)
for the outer than for the inner half, and that all the bottles that traveled this route
were set out more than 10 Ihiles from the land. If the drifts from the inner end of
line A had been the only evidence available, the natural conclusion would have been
that their general set was eastward along the coast of Maine. The evidence of the
other series discussed so far forbids this, however. In the first place, the Bay of
Fundy series of 1919 drifted in the opposite direction (p. 870), as severalbottlesset off
Mount Desert in 1923 did, also (p. 902). Furthermore, all the bottles from. the Cape
Cod, Cape Ann, and Cape Elizabeth lines that were recovered in the Bay of Fundy
region were reported from so short a sector of the cOast that they must have followed
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a very uniform track, which for the Cape Ann and Cape Cod lines veered unmistak
ably through southeast, east, :and northeast'{p. 889). The time intervals are consist
ent with this, also; the great majority ranging between 70 and 105 days, irrespective of
which line the bottle in question w:as launched from. For any of the bottles from the
Cape Elizabeth line to have reached the southern shore of the Bay of Fundy by the
alternative route via the coast of Maine and through the Grand Manan Channel
would have involved a drift from north to south across the Bay of Fundy directly
contrary to the dominant set established there by Mavor's (1922) experiments with
drift bottles, as well as by measurements of currents (p. 861). Such an explanation
would also be contrary to the time intervals, for the two bottles that went from the
offing of Cape Elizabeth to Grand Manan and to The Wolves (Nos. 43 and 88) and
were not reported until 103 and 104 days after release, while two others, set afloat
near by (Nos. 99 and 105), were reported from the Nova Scotian side of the Bay of
Fundy in 80 to 98 days.

By this reasoning the bottles that went to Penobscot Bay from the inner end
of line A, and to the coast of Maine farther to the eastward, may safely be credited
with essentially the same route as those that reached this same sector of the coast
from the outer end of this line, circling antic10ckwise at first toward the Bay of
Fundy, to return westward again. The time intervals between release and ,recovery
(80 days for No. 65, picked up at Jonesport; 63 days for No. 98, reported near Swans
Island; and 103 days for No. 87, found at Matinicus) favor this interpretation.
. The general uniformity, both of localities of recovery and of time intervals, for

the outer two-thirds of line A, indicates a well-developed, dominant set of the anti
clockwise sort just outlined. This, however, seems hardly to have affected the sur
face water within 15 miles of the land at the time, judging from the regional disper
sion of the returns from the inner end of line A and from the fact that the time
intervals between release and recovery vary widely f~r these, quite independent of
the distances which this group of bottles made good. Thus we find intervals rang
ing from 25 to 77 days for 7 bottles that were picked up in the Casco Bay region,
15 to 30 miles from the points of launching, and 5 to 72 days for 5 bottles recovered
along the southern side of Cape Elizabeth after journeys of 8 to 23 miles. One was
found at Monhegan Island (35 miles) in 47 days, but another, reported from Danis
cove (25 miles), was not found until 75 days had passed.

Of course, little stress can be laid on the time interval for anyone bottle, because
there is no knowing how long it may have lain on the shore, overlooked; but our
genera! experience suggests that if bottles are not reported comparatively soon after
stranding they are either broken or buried in windrows of seaweed and never after
heard from at all. Consequently, when time intervals vary widely for bottles
drifting only a short distance to a coast as frequented as the Casco Bay region is,
contrasting with uniformity of intervals for bottles journeying right across the gulf,
it is obvious that the former did not follow as definite a set as the latter. On the
whole, the regional distribution of the localities of recovery for the inner end of this
Cape ·Elizabeth line trends eastward across Casco Bay, pointing to an irregular
eddying drift in that direction as involving the mouth ofthe latter. Cape Elizabeth,
however, seems to have bounded this eddy on the south at the time, witnesS the
several strandings to the south of the cape (fig. 181) jthe fact that one bottle, set
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()ut about midway of line ,A was recovered at the Isles Of Shoals after 100 days
points to some movement of surface water southward along the oo.astsector between
Oape Elizabeth andOa.pe Ann.
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The drift of a second line of bottles set 'admft offOape Elizabeth a year later (in
August,1923; seriesE"p, 874) showed much'the same grouping as tha.tjtistdescribed
for the corresponding line of 1922 (series A).' Two recovered from the outer part of the
linewere from the West coast of Nova. Scotia. (fig. 182);. three were froDi the eIitranee
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to the Bay of Fundy, on the Nova Scotian side; two w~re from the Ne:wBrunswick
side .of the Bay of Fundy; and three were from, the southern side of Graul! Man~j
totaling 9 per cent of the'numb~rset o.u:t. These drifts so closely reproduc,e, (in their
regional distribution) the recoveries of bott)esset afloat fart,her .out along, this :same
line the year before (line A; .fig. 181) and off Cape Ann in 192~ (fig. 176) that most
of them, no doubt, followed a uniform route, at least in .their journey northward
toward the mouth of the Bay of Fundy.

It is evident that mos.t of the bottles from line E moved offshore from the time of
their release, otherwise more strandings would have been reported from the coast
line to the southward. However, the fact that one of them was recovered at Nan;
tucket, ,a second on the outer shore. of Cape Cod, and a third at Beachwood, Me..(Nos.
1702, 1712, and 1731; intervals, respectively, of 138, 121, and 34 days), makes it
probable that they followed a southeasterly course at first. Negative evidence to
the same effect results from the fact that only two bottles from this line were found
anywhere along the coast of Maine between Seguin Island and the Bay of Fundy,
contrasting with the considerable number of recoveries from Nova Scotia. Had the
set been eastward along the coast of Maine, such as' would be represented bya
straight line between the points of release and recovery, a considerable number of
recoveries might .have been expected along that 140-mile sector, where the tide draws
strongly into the numerous bays, bringing in large amounts of drift of all kinds. It
is fair to assume, also, that the route acrOSS the gulf was about as long for series E as
for the Cape Ann series, because three of the latter were reported from Nova Scotia
.after intervals as brief as any from the northern lines; one, namelY from Yarmouth,
in 60 days; another from Port Maitland in 64 days; and one from Cockerwit Pas
sage in 65 days(p. 875). However, it seems that the Cape Elizabeth groups swung
east before reaching the Cape Ann line, because so many more of the former reached
Nova Scotia than of the latter; i. e., that on the whole the two groups of bottles
followed different routes until they converged toward the eastern side of the gulf.

The repetition, from year to year, of drifts most ~asily reconcilable with an anti,.,
clockwise eddying set ~rgues strongly in favor of the prevalence of this type of cir
culation around the southern side of the basin of the gulf. Only one drift (No. 1773)
from the two series so far launched off Cape Elizabeth (series A and E) has been
hard to reconcile with this; because, if the, date of recovery is correctly stated, its
tim~ interval from the offing of Cape Elizabeth to Grand Manan (56 days) is 'smaller
than for any other bottle that crossed from the westernside of thegnlf to the Bay
of Fundy. Granting it a direct journey, this means a daily rate of 2.7 miles,ora.t
east 4.7 miles if it followed the eddying route, which is more likely.

The time intervals betw'een the dates< ()f release and recovery for bottles drift~

ingfrom the offing of Cape Elizabeth to Nova Scotia averaged considerably shorter
in 1923 (56 to 111 days; average 75 days for line E) than i:ri 1922 (75 to 146 days;
average 103 days for line A). Taken ,at its face value, this difference would point
either to a more rapid rate of travel or to a more direct route, which in this case,
would mean veering more directly eastward. It seems more likely, however, that the
difference is not as signHicaIlt as it might appear,but that the discovery of the
bottles and the local interest aroused thereby stimulated a closer scanning 6f the
Nova Scotian shores in 1923, so that the bottles were found~oon'after they stranded,
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inst~ad oflying on the beach perhaps for a week or more. The fact that one bottle,
which drifted right up the Bay of Fundy to Advocate Harbor at Cobequid Point, at
its head, was picked up in 107 days affords direct evidence to this effect, the distance
on the assumed track being more than 250 miles.

With this uncertainty introducing a source of error that may be very consider
able, I have not thought it justifiable to assume a shorter route for the bottles
drifting to the mouth of the Bay of Fundy in 1923. The probable routes within the Bay
of Fundy of such bottles from line E as entered the latter are laid down on the chart
(fig. 182) to accord with the drift bottles set out there by Mavor in 1927 (i. e.,
crossing it from south to north and then continuing to veer westward to Grand
Manan), because this type of circulation seems sufficiently established there.

Line E reproduces the corresponding series of the preceding year (line A), not
only in the preponderance of drifts to Nova Scotia and in the uniformity of the tracks
probably followed, but also in the recovery of one bottle at Metinic Island, off the
western entrance to Penobscot Bay (No 1792), and of another at Round Pond
Harbor, a few miles farther to the west (No. 1740). The time intervals for these
(respectively, 64 and 77 days) correspond as closely as could be expected with 63
and 103 days for the two bottles (Nos. 98 and 284) that drifted to this same sector
the year before (figs. 180 and 181), and hence suggest the equally circuitous offshore
route laid down on the chart. However, it is possible that the two bottles in ques
tion (Nos. 1740 and 1792) actually circled in the opposite direction (i. e., clockwise),
drifting inshore at first in company with four others that were picked up in Casco
Bay and a few miles to the east of it, then continuing eastward along the coast,
perhaps through the channels between the islands; The fact that one bottle (No.
1793) from the outer end of line E was found in Sheepscott River 76 after 34 days
lends likelihood to this possibility.

The Cape Elizabeth series for the two years, however, illustrate an anual differ
ence of another sort; namely, that the coastal belt, 10 to 15 miles broad next the
cape, was a sort of deadwater in 1922 (p. 899), while in 1923 the general dominant
set governed closer in to the coast.

BOTTLES SET OUT OFF MOUNT DESERT, AUGUST, 1923

The drifts of the bottles of the ~ount Desert line can be approximated only if
they are taken in conjunction with the several series discussed so far. Standing by
themselves they would be self-contradictory, for 8 were recovered at significant dis
tances to the westward (figs. 183 and 184) i 11 were recovered at significant distances
to the eastward; and 6 others at points close to where they were released. The
easterly drifts so far reported all lead to the coast of Nova Scotia, except for one to
the coast of Maine at the western entrance to the Grand Manan Channel (No. 1584,
Haycock Harbor, Washington County). By themselves, these would naturally
suggest a set to the northeast from the offing of Mount Desert, but analysis makes
this most unlikely.

The fact that these Nova Scotian recoveries are distributed along the same sec
tor of the coast line where bottles from the Cape Elizabeth, Cape Ann, and Cape

f8 Btatedln tbe returns 88 .. Bheepsbead .. River.
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Cod lines have stranded would of itself be strong evidence that the routes of all
had converged into one general and rather definite track some distance before they
reached the land. In this respect the correspondence between· the Mount Desert
line of 1923 and the outer half of the Cape Elizabeth line of 1922 (series A, fig, 180)
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FlO, 183,~A8SUDled drtfts of representatIve bottles recovered to the eastward from SerIes D. set out oft Mount Desert
IlIaD!!. August 6. 11l23. •• places of release

is as close as could have been expected had all these bottles been launched on the
stune line and on the same day. In fact, this correspondence exteQ.ds even to the
odd bottles that diverged from the majority grouping, one or two ha~ reached
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the vicinity of Cape Sable, and one or two found along the coast of M$.ine well to'
the eastward, in each instance.. In the case of the drifts that cross the gulf, this track;
I believe, is now definitely proven to approach the Bay of Fundy from the south 011

southwest, by the evidence just-detailed.
The relationship which distance traveled bears to time interval between release

and recovery also argues for a circuitous route fo:r the bottles that went to Nova.
Scotia from the Mount Desert line, because the average distance for all of them, in
a direct line, would be only about 85 miles, though the times range from 62 to 88
days for 8 of 10 77 (averaging 70 days). Evidence of this sort must, of course, be
used with discrimination, because there is no knowing how long a bottle lies on the
beach before it is noticed. When the results prove reasonably consistent, however,
some trust can be put in them. In the present connection we have as a standard
for comparison the Nova Scotian drifts from the lines set out off Cape Elizabeth.
The distance (in a direct line) is only about one-half as great from Mount Desert
to Nova Scotia as from Cape Elizabeth. The two lines of 1923 were set out only
one day apart, and there is no reason to suppose that bottles from one line would be
consistently overlooked while bottles from the other would be soon found. Conse
quently, it is reasonable to assume that some of the Mount Desert bottles would have
been found a month or more before the first were reported from the Cape Elizabeth
line, unless they had journeyed by a very circuitous route. Actually, however, the
first four recoveries for the former were on October 7 to 9; the first three of the latter
on the 9th and 10th. Allowing the one day's difference in the dates when the two
series were put out, we have the rather surprising fact that the time intervals for
these two groups, launched almost 100 miles apart, were the same almost to a day,
though the strandings were scattered along more than 20 miles of coast line between
Yarmouth, Nova Scotia, and the mouth of the Bay of Fundy.

The time intervals for thA Nova Scotian drifts as a whole, from these two series,
also correspond much more closely than the difference in direct distance would have
suggested as probable, averaging about 75 days for the Cape Elizabeth series.(extremes
of 56 to 111 days; p. 875) and about 70 days for the Mount Desert group (62 to 151;
p.874).

The percentage of recoveries is not only of the same general order of magnitude
for the Mount Desert line as for the Cape Elizabeth line of 1923 (respectively, 28
and 19 per cent), but the Nova Scotian and Fundian returns formed almost the same
proportion of the total for the former (36 per cent of the total returns) as for the
latter (42 per cent).

The most reasonable explanation for this correspondence between the two series,
and the only explanation that fits all the facts just outlined, is that the journey to
Nova Scotia covered about as long a distance for the Mount Desert bottles as for
the Cape Elizabeth bottles, and that the former drifted southwestward at first, to join
the general route of the latter group from west to east across the gulf,

Bottle No. 1584, set adrift about 25 miles out from Mount Desert Island and
picked up at Haycocks Harbor, on the north shore oithe Grand Manan C4annel,
93 days later, probably,fpllowed the sSrme general track as the bot~les that went to

"Three others CN08.1530,1551; and 1557), which were not picked np nntn 133 ahd 151 dayS hadpll.'!S8d. may have lain
unnoticed on the beach or drifted m. and out aIoilg the shorewith the tides.
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Nova Sootia. It may have entered the south side of the Bay of Fundy,oome out
again past Grand Manan, and then drcled the western endo! the latter and so
into the channel, as would be compatible with thecurrenkmeasurements 4lthat
region. Or it may have circled northward past the mouth of the bay but -close'
enough to Grand Manan to be caught up in the indraft into the channel.

The' general conclusion that all this group of bottles followed,' an eddylikecourse
and did not drift directly eastward is directly corroborated by nine bottles from this
same line, picked up to the westward along the coast of Maine. . The fact that these
were set out at intervals from the inner end of the line to the outer is evidence that
the surface was involved in this movement for at least 25 miles out from the land.

Two bottles from the inner end of the line, picked up on Great Duck Island two
days later, may have made their journey on the tide, for they were set out early in
the ebb,7s which sets toward the southwest here. A greater distance covered (10
miles) makes it likely that bottle No. 1515, which went to Long Island (also to the
westward), made its landfall on the second tidal period; and it is certain that No.
1521, which went from the inner end of the line to Kennebunk, Me. (a distance of
about 107 miles in a direct line), in 32 days, was carried with a very. definite drift, for
its rate was not less than 3% miles per day. The daily rate of another bottle (No.
1523), which went from the mid section of the line to a point 8 miles southeast of
Isle au Haut,31 miles away, was ostensibly much more rapid, for it was reported as
picked up the day after it was set out. This date, however, can hardly have been
correct Allowing one day's error (which is·probably the correct explanation), the
daily rate would be about 7 miles to the westward. 79

The rapidity of these westerly drifts, which can not be disputed, makes it
likely that four other bottles that went from this line to the entrance to Penobscot
Bay and to St. Georges River, a few miles farther west (Nos. 1553, 1565, 1566, and
1599), but were not found until after 35 to 38 days afloat, were drifting to and
fro with the strong tides of Penobscot Bay for some days before they stranded and
were noticed.

It is impossible, of course, to determine how far any given bottle, which moved
westward from the Mount Desert line but did not soon strand, may have paralleled
the coast before veering offshore toward the center of the gulf, but it is probable
that most of them did so somewhere between the longitudes of Penobscot Bay and
Cape Elizabeth. Had their general route led farther westward, more bottles from
the Cape Elizabeth line might have been expected to show a southerly drift than
the few actually so reported (p. 901).

Some few bottles from the Mount Desert line, hugging the shore line closest,
may have crossed the Cape Elizabeth line, but the time intervals between release
and recovery make it more likely that all that went across the gulf from the offing
of Mount Desert passed to the seaward Of the outer end of the Cape Elizabeth line
L e., more tha.n 25 miles offshore-and it is so indicated on the chart (fi~.182).

Ii It was high tide at Southwest Harbor at 6.26 a.m. on that day; the bottles In question (N08. 1803 and 1610) were put out.
shortly afterwards. . ,

71 Assuming that It was picked up In the stternoon.
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The tracks of three bottles from the mid section of line 0, which were picked
up at the eastern entrance to Frenchmans Bay, and one other that went to the
vicinity of Petit Manan, are more puzzling. Ostensibly these point to short
easterly drifts of 8 to 12 miles, and the time intervals are so uniform (33 to 38
days)80 that all of them seem to have followed approximately the same route,
though set out some miles apart. However, the time between release and recovery
is so long for direct journeys so short, when contrasted with the rapidity with which
other bottles set out near them drifted in the opposite direction, that it seems
virtually certain that they followed II. roundabout route. Judging from the facts
that many more bottles stranded to the westward and that all of this series (D) were
set out on the ebb, it is probable that the four bottles in question also drifted
westward at first. Their most likely route would then be into Blue Hill Bay with
the next flood, around Mount Desert Island, and so out again through Frenchmans
Bay, to strand about Schoodic Promontory and to the eastward of it. Such a drift
would be consistent with the clockwise circulation to be expected around Mount
Desert Island, on theoretic grounds (p. 970). In short, the bottles set out off
Mount Desert in 1923 afford definite proof of a set westw!¥,d along the coast of
Maine but no clear evidence of any longshore set in the opposite direction.

On the basis of the foregoing analysis, the most reasonable explanation of the
localities where bottles from the Mount Desert, Cape Elizabeth, Cape Ann, and Cape
Cod series of 1923 were recovered, and of the periods of time between the dates
they were set afloat and later were picked up, is that bottles from all three lines
moved in tracks eddying counterclockwise through southwest, through east, to north,
and veering on successively shorter and shorter radii of curvature. Thus, the few
bottles from the two southernmost lines, which were found on the Nova Scotian
coast, probably traveled easterly from the time they were set out (southeast at first,
then east and northeast), but the farther north and east along the coast bottles were
put out, the more they tended to circle to the right of a direct course. It is also
likely that while the breadth of the track covered by all the bottles in the western
side of the gulf was something like 100 miles, they tended to converge into a narrower
track as they approached the eastern side of the gulf.

In August, September, and October of 1922 and 1923 the center of this eddylike
circulation seems to have been situated 40 to 60 miles south of Mount Desert
Island, over the northeastern extension of the deep trough of the gulf.

The fact that the great majority of the recoveries from Nova Scotia and from
the Bay of Fundy were from II. rather short stretch of coast leads to the conclusion
that no matter on which line the bottles in question were released, all those that
drifted across the gulf finally came within the influence of the same south-north
current, hugging close to the eastern shore. On no other assumption, I believe, is it
possible to reconcile the facts just stated with the time element (p. 904) and with the
current measurements that have been taken in that side of the gulf (p. 861).

The recoveries on the coast of Maine already discussed point to a division of
this northerly set before it reaches the Bay of Fundy, the greater volume entering
the bay along its southern shore, but offshoots (which may be only intermittent)

IINo. 1611 was picked up In Winter Harbor 11 months later, a period so long that there Is no way of estimating how far It
may have traveled en route, or how long it may have lain on the strand.
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from its western side recurving. to the left across the mouth of the bay.. Flotsam
drifting in this branch may then come under the influence of the drift setting east
ward into the right-hand side olthe Grand Manan Channel. But only one bottle
can so be classified, while five seem to.have passed by the channel in their rounds to
Penobscot Bay.

It is interest~ that only two bottles from any of the several series81 have been
recovered along the coast sector between Petit Manan and the western entrance to
the Grand Manan Channel, although many must have passed by. Judging from
this, such parts of the dominant surface drift as veers westward past Grand Manan
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FIG. 184.-Assumed drifts of bottles recovered to the westward and inshOre from Serles D, set out oft Mount Desert Island,
August 6, 1923. ., places of release

does not usually strike the coast of Maine in summer until it has passed the longi
tude of Mount Desert Island.

The circulatory scheme just outlined reconciles the bottle drifts for 1923 with
those of the bottles set out in the Bay of Fundy in the summer of 1919,exeept that
the latter certainly hugged the coast more closely in their westward and southward
journey, else so many of them would hardly have been embayed behind Cape'Cod.
In this respect the suminer of 1919 paralleled the April and July currents of 1925

.. One set out In the Bay of Fundy in August. 1919 (Mavor. 1922, bottle no. 181); the other (no. 66) from the Inner part of
the Cape Elizabeth line of July, 1922.
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'and: 1926, _which carried bottles past Oape Ann, from Ipswich Bay into Massachu
setts Bay (pp. 89b, 893). -

In the summers of 1922 and 1923 so many more bottles were picked up along
,Nova Scotia than in the western side of the gulf (a-difference ,hardly -accidental,
because the coast line between Cape Elizabeth and Cape Cod is much frequented)
that the surface water was evidently moving more offshore in the western-side of the
gulf, inshore in the eastem,than was the case in1919.

BO'l'TLES ,PUT OUT OFF WESTERN NOVA. SCOTlA

In-I9.26the Biological Board of Canada putout foursets of bottles (each of 120)
off Yarmouth, Nova Scotia, in July, August, September, andOctober, and Dr. A. G.
Huntsman has contributed a summary of the recoveries in advance of his publica
tion of the detailed results.

, The great majority of returns from all the sets were from the Nova Scotian side
of the Bay of Fundy, scattered from St. Marys Bay, at the mouth, to Minas Basin
and Chignecto Bay, at the :/;lead. Six others crossed to the New Brunswick shore of
the bay; five were pioked up at Grand Manan; two went to the coast of Maine, one
to Cape Cod; and two wentin the opposite direction, eastward, past Cape Sable to
Cape Negro and the vicinity of Shelburne, Nova Scotia.

As a whole, these drifts demonstrate the northerly drift along western Nova
Scotia into the southern side of the Bay of Fundy, and up it. The New Brunswick
recoveries show-the anticlockwise movement within the bay, brought out by Mavor's
(1923) experiments(p. 868). The drifts to Maine and Cape Cod are in line with the
westerly and southerly drifts of bottles from the Mount Desert and Cape Elizabeth
lines.

By what counterdrift the two bottles that went to the eastward escaped the
Gulf of Maine eddy and came within the influence of the Scotian eddy is not clear.

DRIFTS OF BOTTLES ENTERING THE GULF FROM THE EASTWARD

The northerly drift along the Nova Scotian side of the gulf to the Bay of Fundy
and its anticlockwise eddying continuation along the coast of Maine are further
illustra.ted by the destinations reached by a cQnsiderable number of bottles that
entered the. gulf from lines set out off the outer coast Of Nova Scotia by the Biolog
ical Board of Canada in the summers of 1922, 1923, and 1924. The following data
have generously been contributed by DoctorUuntsman in advance of publication.

Two bottles from a line set out southeast across the continental shelf from
Brazil Rock on July 17,1922, were picked up along the western coast of Nova
Scotia; 8 in the Bay of Fundy; and 2 circled farther westward, I. of them to Winter
Har.bor and the other continuing past Mount Desert to the neighboring Long Island.
The localities' of release were scattered from .2 to 59 miles out from Brazil Rock,
and none of the bottles set adrift farther out were reported from the gulf.

The bottle 'that went to Long Island made so rapid a drift (45 days from release
to recovery) that no doubt it passed across the mouth of the Bay of Fundy. The
Winter Harbor bottle, with 77 days, may have entered and circled the bay.
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The next summer a series ,roughly at right angles to this last was setout on a
line running northeastward from the western end of Browns Bank. Fourteen of these
were reported from the Gulf of Maine; 6 of them scattered along the west shore of
Nova Scotia; 7 were from widely separate localities in the Bay of Fundy, from its
mouth to its head, after intervals of 64 days and upward; and \ was fJ,'omPenobscot
Bay, Me. The drifts are thus much the same as those of the preceding summer,
hugging the Nova Scotian coast to the Bay of Fundy. The time interval for the
Penobscot Bay bottle was so long (113 days) that it, too, may have entered and
circled the bay. ,., .

Twelve bottles froIlllines set out off Country Harb,or, off Beaver Island, and off
Cape Canso, Nova Scotia, were also reported from the GulfofMaine (all of them from
Yarmouth and northward along the western coast of N9va Scotia) and from the
two side-a of the Bay of Fundy. Only a single bottle from these eastern lines has
yet been reported from the western side of the gulf--;-one set adrift a few miles off
Sable Island by the Ice. Patrol cutter Tampa on April 18, 1924, and picked up at
Gloucester, Mass., 118 days later. The distance in a direct line being about 450
miles and something like 500 miles by the probable route around the northerl). side
of the gulf, this bottle made an unusually rapid journey.

Since the preceding was written, Doctor Huntsmi:m has contributed a summary
of five monthly series, each of 200 bottles, set out offshore from Brazil Rock (off
Cape Sable), July to October, 1926. Twenty-six of the 35 returns from the July set
were close by, five from the Nova, Scotian shore of the Bay of Fundy, and two from
the New Brunswick side. The 46 returns from the August series were similar, except
that the proportion of near-by returns was smaller (16); of returns from St. Marys
Bay and the Nova Scotian shore of the Bay of Fundy larger (29). Fifteen of 23
returns from the lines of September 1 were again from this same sector of the Bay of
Fundy region, three from the New Brunswick shore, and five between the point of
release and Cape Sable. Three of the 15 returns from the series of September 27,
however, were from the eastward (Shelburne to Port Mouton), nine near where set
out, and only three from the Bay of Fundy. The series of October 20, again, gave
50 per cent of returns (six) near-by, four returns to the eastward (Negro Harbor to
vicinity of La Have River), with two, only, from the western coast of Nova Scotia
within the Gulf of Maine. .

In sum, the, evidence of a general northward drift hugging the Nova Scotian
side of the gulf to the Bay of Fundy, and of its continuation westward as far as
Penobscot Bay, is made cumulative by these drifts into the gulf.

The Brazil Rock series of 1926 also show the following seasonal succession: In
July and August the dominant movement from the offing of Cape Sable was into the
Gulf of Maine, but by the end of September the Scotian eddy had spread westward
far enough to involve some bottles from this line in drifts best interpreted as circling
anticlockwise, first offshore and then in again to the coast, to the eastward. .

Further details as to the tracks followed are to be expected in Doctor Huntsman's
forthcoming account. .
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One other bottle is recorded by the United States Hydrographie Office (Pilot
Chart for May, 1923; reverse No. 26) as showing a similar drift into the eastern side
of the Gulf of Maine from its release, 34 miles south of Cape Sable, September 21,
1902, to its recovery near Yarmouth, Nova Scotia, 30 days later.

CIRCULATION OF THE SUPERFICIAL STRATUM AS INDICATED BY
SALINITY

The distribution of salinity affords a valuable check on the correctness of the
circulatory system of the surface stratum, deducible from the drift-bottle experiments
and from current measurements. The physical state of the water, together with
the horizontal and vertical distribution of density, is the only clue yet available to
the nontidal circulation in the deep strata of the gulf.

The reader will find frequent references to this phase of the subject iIi the sec
tion devoted to the salinity (p. 701). The distribution of salinity, as a reflection of
the circulation of the gulf,: has also been discussed in such detail in earlier reports
on the Gulf of Maine explorations (Bigelow, 1914 to 1922) that a brief statement
will suffice here. /

With the oceanic water outside the edge of the continent much salter than the
water in over the banks or alongshore (a rule prevailing all along eastern North
America from Florida to the Grand Banks) a high salinity becomes an excellent
indicator of any indraft from offshore. On the other hand, the lines of dispersal for
land water are to be learned from the distribution of the least saline water. In the
Gulf of Maine the flow of the Nova Scotian current past Cape Sable also tends to
freshen the surface wherever its influence reaches.

Our first summer's cruise (in 1912) was enough to show what subsequent
cruises have corroborated, that the freshest water is not localized off the mouths of
the several large rivers, as would be the case if the discharges from these simply
fanned out, but that it takes.the form of a continuous and comparatively narrow belt
skirting the coast line. The region where this freshest water does spread farthest
out to sea (off Cape Ann and Massachusetts Bay) is some distance southward from
the mouth of the Merrimac, the nearest of the large rivers. No fan of low
salinity has ever been demonstrated off the mouth of the Kennebec.

The absence of such a fan off the mouth of any given river mayor may not
prove the failure of its discharge to drift out to sea, depending on the balance between
the activity with which the tides mix the deep with the surface strata there and
the volume of fresh water discharged. The river water that runs into the northern side
of the gulf, and especially into the Bay of Fundy, is rapidly consumed in this way.
Nevertheless, even where mixing is most active, areas of relatively lower salinity off
the river mouths might be expected to alternate with areas relatively higher in
salinity along the coast sectors between them, unless some dominaht drift in one
direction or the other disturbed this idealized picture. When we recall how great
a volume of fresh water actually pours into the Gulf of Maine every year (p. 837) it is
hardly conceivable that it would exert its chief freshening effect on so narrow a
coastwise belt, unless the surface water tended to drift parallel to the land in the one
direction or the other.
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The summer salinities of 1912 (p.770) pointed very clearly to alongshore move
ment of this sort around the northern and western margins of the gulf, setting west
ward along the coast of Maine, southward to Cape Ann, and sprea.ding ea.st.ward off
the cape in a rather definite tongue, outlined (at the surface) by the isohaline for
31.8 per mille (Bigelow, 1914, pI. 2). It was the presence of this tongue which
established the direction of Bow beyond dispute, because considerably higher salinities
in Massachusetts Bay to the south of it, as well as offshore, left the coastal belt to
the northward as its only possible source.

On the other hand, the salinity of the surface then afforded little evidence of
river water in the northeastern corner of the gulf, in spite of the proximity of the St.
John River. This, however, can be explained by the active mixing that takes place
there, for while the mean salinity of the upper 50 to 60 meters was slightly higher
(about 32.5 per mille) in the Grand Manan Channel and at its western end that
August than it had been at the mouth of Massachusetts Bay a month earlier (about
32.2 per mille), the difference is no greater than can be explained as due to the reg
ular seasonal succession (p.799). A detailed discussion of the salinities for that
summer, given in an earlier report (Bigelow, 1914, p. 90), leads to the conclusion that
water of high salinity was being drawn into the eastern side of the gulf while the
coastwise belt was dominated by a nontid11.1 set alongshore from north and east to
south and west, .with expansions of water of low salinity off Penobscot Bay and off
Cape Ann suggesting two separate anticlockwise eddies.

The subsequent summer cruises have expanded this preliminary concept of a
general circling movement around the northern and western shores of the gulf to the
domination of the surface over the entire basin by a great anticlockwise eddy, par
alleling the land northward along Nova Scotia and swinging westward and then
southward toward Cape Cod (Bigelow, 1917, p. 340), this being the only assumption
on which the distribution of surface salinity can be rationalized.

This, it will be noted, has since been corroborated by the bottle drifts just
described. A comparison between the recurving tongues of low salinity off Cape Ann
and off Penobscot Bay, when such phenomena develop there, with the drifts from
the Mount Desert, Cape Elizabeth, and Cape Ann lines, is especially instructive,
for we find in such tongues a rational explanation for the tendency of the bottles to
veer out from the land on successive radii. If, for example, bottles had been put
out off Mount Desert in the summers of 1912 or of 1913, salinity suggests that the
majority would have turned southward, abreast of Penobscot Bay, and that few,
if any, would have stranded along the coast farther west. This actually happened
in 1923 (p. 902, fig. 183). The tendency for bottles put out near land on the Cape
Elizabeth and Cape Ann lines of that year to veer offshore from the beginning of
their drifts would similarly find a reasonable cause in expansions of low salinity out
toward the basin from the offing of Cape Ann, such as were actually recorded in July,
1912, and in August, 1914 (p. 763, fig. 136). But the distribution of surface salinity
in August and September, 1915, when scattered observations outlined a band of low
salinity of comparatively uniform breadth as paralleling the coast line from Nova
Scotia to Cape Ann (fig. 137), would be compatible with drifts hugging the shore



912 BULLETIN OF THE BUREAU OF FISHERIEE.

more closely as far as the cape, or perhaps to Massachusetts Bay,such as were actu
ally followed by bottles set out in the Bay of Fundy during. the summer of 1919
(p. 870) and off Cape Neddick (series 0) in July, 1926. The locations of the isohalines
at' the surface are thus entirely reconcilable, both with the drifts a.ssumedfor the
bottles and with the annual difference indicated by the sets putout in the summers of
1919, 1922, 1923, and 1926.

Mavor (1923), in his discussion of the distribution of salinities and temperatures
in the Bay of Fundy for August, 1919, has shown that these are best explained as
due to a movement of water into the bay on the Nova Scotian side, recognizable
from the surface down to a depth of 100 meters, crossing northward toward New
Brunswick about midway up the bay, with a counterbalancing outflow of water
of low salinity southward and westward along the northern .(New Brunswick)
side. Here, again, temperature and salinity corroborate the evidence of drift
bottles (p.870).

The high surface salinities recorded in the northeastern corner of the gulf on the
August cruises of 1912 and 1913 suggested a continuous tongue of highly saline water
flowing into the eastern side of the gulf· at the surface from the Atlantic Basin.
However, subsequent discovery that the high surface values encountered in the basin
between Maine and Nova Scotia in successive summers actually represent an isolated
pool, resulting from local upwelling combined with tidal stirring (p. 768), and sur
rounded by less saline water on all sides,has lead to the appreciation that the gulf
receives its saline water chiefly in the deeper strata (p. 842), not on the surface.

The rather abrupt west-east transition in surface salinity registered in the offing
of Cape Sable in the summers of 1914 and 1915, added to the retreat of the critical
isohalines (32 to 31.5 per mille) from the eastern side of the gulf, eastward, with the
advance of the spring (p. 755), argues against any notable current from the east past
the cape as characteristic of summer. Here, however, the effect which the active
tidal mixing southwest and west of the cape would have in increasing the salinity of
the surface, moving westward, must be taken into account.

If the evidence of salinity does not make clear the dominant set, if any, past
Cape Sable for the summer months, the tongue of low salinity and low temperature
found extending along the southeastern face of Georges Bank from· northeast to
southwest in July, 1914 (p. 770), is "hard to explain, except as an outflowing current
from the gulf" (Bigelow, 1917, p. 241); and though this may not be a regular feature
of the Bummer circulation (p. 608), the fact that several bottles from the Cape Cod and
Cape Ann series of 1922 and 1923 seem to have drifted out of the gulf via this same
route across the eastern end of Georges Bank (figs. 174 and 176) is certainly sug
gestive of its permanency. A tendency for water of low salinity to spread from the
vicinity of Cape Cod southeastward to the neighboring part of Georges Bank is also
indicated by the contrast in salinity between the western and eastern ends of the
latter on the summer chart for 1914 (fig. 136, isohaline for 32.2 per mille). Here,
again, a close parallel appears from the set, as indicated bythe salinity of the surface
water and the probable drift tracks of bottles that went in that direction from the Cape
Cod series of 1922 (series B, p. 880, fig. 174). Farther south, in the southwestern
part of the area, successive isohalines for 32.5 to 33.5 or 34 per mille, closely crowded
and roughly paralleling the edge of the continent, prove that the dominant set here
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is along the outer part of the shelf, not transverse to it, though:wjthsometendency
indicated toward an eddying movement northward toward· the land to the· west
of Nantucket Shoals. All this, again, is at once reconcilable with the drifts of bot
tles set out in this side of the gulf, especially with the tracks eddying westward out
of the gulf past Nantucket Shoals,and with the group that went west from the edge
of the continent abreast of Cape Cod (series B, outer end, p. 882).

The failure of any evidence, by salinity, of a surface drift from the continental
edge out into the ocean basin in the region, in any summer of record, is corroborated
by the fact that from the outer end of line B (fig. 174) only four bottles are known
to have reached the general North Atlantic drift, and so to have gone across, one to
England, one to Ireland, the other to the Canary Islands and the Azores.

The distribution of salinity at a depth of 40 meters has proved extremely diag
nostic of the dominant circulation of the gulf, even more so than at the surface, the
ehartfor July and August, 1914 (fig. 145), being the most instructive because .cover
ing the area as a whole. Its most noticeable feature-a continuous tongue of water
of high salinity (33 to 33.4 per mille), extendinl?; from the Eastern Channel and
Browns Bank inward to the north along the eastern side of the basin as far as the
mouth of the Bay of Fundy-obviously reflects an unmistakable set of water into
the gulf from the edge of the continent. The surface charts, the reader will recall, show
nothing of this sort, evidence that the inward current (the existence of which is
proven by several lines of evidence) did not involve the superficial stratum. Neither
does it draw direct from the oceanic water (which would swing the isohalines for 34
to 35 per mille into the Eastern Channel), but from the mixture that takes place
between tropic water and the water of the banks along the edge of the continent
abreast of the gulf (p. 842). So far as the contour of the bottom is concerned, the
whole southern aspect of the gulf, from Nantucket Shoals to the vicinity of Cape
Sable, is open to overflows from this same source down to a depth of 40 meters. 82

Actually, however, we have found no evidence, in salinity, of any indraft of this
sort anywhere to the westward of the Eastern Channel.

The expansion of the isohalines for 33 and 32.9 per mille to the westward along
the coast of Maine, and the course of the isohaline for 32.5 per mille on .the 40
meter chart just mentioned (fig. 145), combined with the location Of the saltest
tongue close against the eastern slope of the basin, are most readily reconcilable with
a dominant set northward in the eastern side of the gulf (complicated by the evi
dences of upwelling in the offing of the Bay of Fundy already mentioned on p.768),
veering westward along the coast of Maine, and so southward around the periphery
of the gulf,finally to turn southeastward as it is directed toward Georges Bank by
the slopes of Nantucket Shoals.

This essentially reproduces the anticlockwise eddy indicated by the distribution
of salinity at the surface (p. 911) as well as by the bottle drifts· (p. 906), but the fact
that the highest salinities at 40 meters lie 10 to 20 miles out from the 40-meter
contour line in the eastern side of the gulf, not close in against the latter, is evidence
that the eastern side of the eddy lay farther and farther out from the Nova Scotian

" Except for the shoals on Georges Bank.
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coast at increasing depths in 1914, as was also the case in August, 1913 (fig. 146).
The comparative uniformity of salinity recorded over a wide area in the western
side of the gulf at the 40-meter level in August, 1914, contrasted with the definitely
outlined tongue of high salinity in the eastern side, points to the north-flowing side of
the eddy as much more definite than the south-flowing side. In August, 1913, how
ever, the distribution of salinity at 40 meters pointed to a closer approach to
equality between the two sides of the eddy. The drift is not as clearly shown by
the 40-meter salinities taken in August and September, 1915 (p. 990), except that
the differential between higher salinities in the eastern side and lower ones in the
western side of the gulf calls for some movement of the same anticlockwise sort, not
being wholly explicable on the basis of upwelling, though assisted by that process
(p.768).

In none of these years (1913,1914, and 1915) did the 40-meter level show the
expansion of water of low salinity off Cape Ann that involved the upper 40 meters
in July, 1912 (Bigelow, 1914, pI. 2; isohaline for 32.6 per mille at 25 fathoms), in a
definite easterly drift. Thus, the distribution of salinity reflects much more variation,
from summer to summer, at the 40-meter level in the western side of the gulf than
in the eastern side, as well as at the surface (p. 770).

Unfortunately, the 40-meter chart for 1914 (fig. 145) does not so clearly show
the dominant movement of water in the southwestern part of the area. However,
isohalines closely crowded outside the 100-meter contour and the fact that they run
parallel to the latter make it certain that no general drift was taking place trans
verse to the edge of the continent at the time, but that any dominant set that was
then active roughly paralleled the latter. Consequently, the broad zone of 33 to 34
per mille between it and Nantucket Shoals (much more saline than any part of the
Gulf of Maine at this level, but less so than the tropic water outside the continental
edge) did not reflect a direct encroachment of the latter at the time or even any such
movement earlier in the season, but merely reflected (by its precise salinity) the pro
portionate amounts in which water of higher and lower values had mingled there.
However this may be, the presence of water of this comparatively high salinity to
the south and southwest of Nantucket Shoals, added to rather an abrupt transition
to considerably lower values (about 32.8 per mille) on the neighboring parts of Georges
Bank, is good evidence that the surface drift, which has carried so many bottles out
of the gulf westward across or around the shoals (p. 881), was not then operative to
as great a depth as 40 meters, but that it is deflected more to the eastward, as the
depth increases, by the contour of the bottom. This suggestion is corroborated to
some extent by the fact that the isohalines for 33 per mille or lower include the
whole eastern end of Georges Bank on the 40-meter chart in question, with an abrupt
transition to much higher salinities (34.5 to 35 per mille) off its southeastern slope.

At first sight the presence of a tongue of water warmer than 100 running
obliquely across Georges Bank from southwest to northeast at the 40-meter level,
with lower temperatures within the gulf to the north as well as along the southeastern
face of the bank (fig. 53), might seem to contradict this, but in this case salinity is
the more reliable index to circulation, because the high 40-meter temperature at the
station in question (10224), associated as it was with correspondingly low temper-



PHYSICAL OCEANOGRAPHY OF THE GUL? OF MAINE 915

ature (11.1°) at the surface, simply reflected active vertical mixing by tidal currents.
Any tendency for the water to move from west to east over Georges Bank would
necessarily be diverted by the considerable area shallower than 40 meters in which
the bank culminates. 113 According to the rule general in the Northern Hemisphere,
this shoal might be expected to act as the vortex for a clockwise circulatory move
ment, and the fact that the 40-meter salinity was somewhat lower on the eastern
side of the bank than on the western side at the time, with the transition from values
lower than 32 per mille to higher than 34.5 per mille most abrupt off its southeastern
slope, is evidence of such a drift eddying eastward and southward around the shoal
area.

The dominant circulation of the gulf is most clearly reflected in salinity at the
time of year (spring and summer) when the regional variations in this respect are
widest.

The progressive equalization of salinity that takes place during the autumn
(p. 799) makes it increasingly difficult to reconstruct the horizontal circulation, even
in its broadest aspects. In the midwinter of 1920-21 salinity yielded no definite
.evidence of any indraft into the eastern side of the gulf, either at the surface or at
40 meters (p. 804). It is unfortunate that observations could not be taken off Cape
Sable during this midwinter cruise, for without such it is impossible to state whether
the low values (31.2 to 31.3 per mille) recorded near Yarmouth, Nova Scotia, on
January 4 (station 10501) reflected any movement of water past the cape from the
eastward or were simply the product of local drainage from the land. However,
it is certain that still lower salinity at the surface a few miles south of the Merrimac
River, across the gulf, a few days earlier (30.02 per mille at station 10492) had the
latter origin, and the rather abrupt transition appearing in both sides ofthe gulf on
the surface chart (fig. 163) between water of low salinity « 31.5 per mille) close in
to the land and considerably higher values (32.5 per mille) a few miles out at sea
is definite proof that this coast belt was (or had been) drifting parallel to the shore
line (if at all), not spreading inshore or offshore in either side of the gulf. However,
the fact that the surface belt less saline than 32.3 per mille was much broader
abreast of Penobscot Bay than in the offing of Casco Bay, on the one side, or off
Mount Desert, on the other, points to some slight tendency for the water to drift
out from the coast off the former, such as appears more definitely in the summer
isohalines for 1912 (p. 770). Some such eddying movement is also indicated by the
undulatory course of the isohalines off the mouth of the Bay of Fundy, suggesting a
movement of water of low salinity out of its northern side toward the southwest,
but no observations were taken close enough to the Nova Scotian side of the bay to
develop the inward drift to be expected there.

The data for deeper levels were not distributed generally enough over the gulf
during the midwinter cruise for safe interpretation in terms of dominant drift.

In early spring, when the discharges from the rivers increase, the courses of the
isohalines become much more instructive with respect to the dominant drift, because
they give a trustworthy clue to the lines of dispersal of the fresh water from the land.
One of the most interesting .phenomena in the hydrographic cycle of the gulf is the

II Minimum depth about8 meters.
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tendency of this water to :hug the coast,. not to fan out over the basin. Atcertan.
points along the coast local fishermen have long been aware that this results in:a
considerable southwesterly drift parallel with the coast, so much :so that it is locally
named theuspring current." The progressive development ofacoastwiseband,of
low salinity, which results from this event, is well illustrated by the successive surface
charts for March and April, 1920 (figs. 91 and 101). Such distribution as appears
on the latter and on the corresponding chart for May (fig. 120) could persist omy
with the water of the coastwise belt setting parallel to the general trend of the
northern and western coast lines of the gulf, as already e;xplained (p.910). In the
same way the e;xpansion of water less saline than 32 per mille southward from the
northern margin of the gulf, along its western shore, in a narrowband past Cape
Ann to Massachusetts Bay, from March to April, and so out past Cape Cod toward
Georges Bank by May (fig. 120), is unmistakable evidence of a general set of the
surface water around the coast line along this same route.

The evidence afforded by salinity is therefore clear to the effect that when the
outpouring of land water is at its Iila;ximum in spring it parallels the land, with II;

dominant flow alongshore from east and northeast to southwest and south, instead
of spreading seaward, as happens off river mouths in many parts of the world. In
other words, when the velocity of the left-hand side of the Gulf of Maine eddy is
greatest it hugs the shore closest. The abrupt .transition from surface salinity lower
than 30 per mille to higher than 32 per mille, recorded 15 to 20 miles out from the
western sector of the coast line between Cape Elizabeth and Cape Ann in May, 1915,
gives a rough indication of the breadth of the zone along which the combined dis
charges'from the Kennebec, Saeo, and Merrimac Rivers are carried when the latter
are in flood; and some indication that the main a;xis of this "spring current" is directed
southward across the mouth of Massachusetts Bay, with. some tendency to veer
westward around the coast line of the latter after it passes Cape Ann, is traceable
on .thesurface charts for April and May, 1925 (figs. 102 and 119), as noted above
(p. 743). In this respect salinities and the drifts of bottles setout in Ipswich Bay
(p.890) prove mutually corroborative. ,

The charts of surface salinity for late summer for the several years, combined
with the bottle drifts, suggest thfl.t the northern and western sides of the dominant
eddy may be e;xpected to trend more out from the land as the summer advances;
but the isohalines point to considerable differences in this respect in different years,
as just described (p. 770).

The chief line of dispersal for the discharge from the St. John River is located as
tending toward the southwest past the t)astern side of Grand Manan, by the suddoo
freshening of the surface recorded by Mavor (1923) at Prince station 3 from April
to May in 1917 (p. 808; fig. 165), fl,greeing, again, with the routes probably followed
by the bottles that drifted out of the bay in 1919 (p. 870); but the increase in
salinity that takes place at this location from ,May to June and July is evidence
equallypositive that the velocity of this drift is at its ma;ximum for only a few
weeks· (perhaps only a few days), though some movement .. of the surface water
probably takes place in this direction throughout the year (p. ,973).
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. 1.'he most interesting aspect of the seasonal dislocations of· the isohalines in the
southeastern part of the Gulf of Maine area is the light they throw on the fluctu
ations and lines of dispersal of the Nova Scotian current while this is flowing into
the gulf from the eastward. The source of this cold water of low salinity and the
chilling effect it exerts on the gulf are discussed in another chapter (p. 825), leaving
for present consideration the r~le it plays in the dominant circulation of the gulf.

No dominant current of any great volume is demonstrable past Cape Sable in
either direction from the salinities for August or September (though bottle drifts
show the movements of water stated in another chapter-po 908), nor in March (fig.
91); but when the Nova Scotian current commences to flood westward into the gulf in
spring, its freshening effect is unmistakably reflected by a very noticeable dislocation
of the critical isohalines (32 and 32.5 per mille). The seasonal schedule of this
event varies from year to year, as described on page 832, 1920 being late in this
respect, 1919 early, but experience in those years and in 1915 suggests that as the
flow of the Nova Scotian current increases to its greatest head, it may be described
as sweeping the isohalines westward before it far out into the gulf.

Unfortunately, our May cruis,eof 1915 did not extend to the southeastern part
of the gulf, nor did the Canadian Fisheries Expedition take observations west of
Halifax during that month, which leaves a wide gap for which lean not attempt
to reconstruct the courses of the isohalines. However, the curves for 32 per mille
salinity at the surface and at 40 meters (figs. 120 and 125) both outline the current
as spreading westward from the cape toward the center of the gulf and somewhat
fanlike toward the north.

This is corroborated by the fact that the Grampus encountered a strong set to
the westward, upwards of 2 knots in velocity, on her run from the eastern side of
the basin (station 10270) toward Seal Island, off Cape Sable (station 10271), on the
7th of that month. In that year,. however, which may be taken as representative,
the surface isohaline for 32 per mille had again withdrawn a considerable distance
eastward toward Cape Sable by the last week in June (fig. 128), evidence that the
westerly drift across the basin of the gulf ceased as soon as the flow of the Nova
Scotian current slackened. The general distribution of salinity that characterizes
the eastern side of the gulf in summer (p. 765) is best explained on the assumption
that any water that rounds Cape Sable from the east during the months of July,
August, .and September veers northward along Nova Scotia toward the bay of
Fundy, which is in accord with the drifts of the bottles that have entered the gulf
from the east (p. 908).

It is obvious that the western extension of the Nova Scotian current must pro
foundly affect the nontidal circulation of water in the gulf at the season when it is
at its maximum. Comparison of the surface salinity in May (fig. 120) with the
currents deduced from bottle drifts in August suggests that this change consists
chiefly in shifting the eastern side of the Gulf of Maine eddy westward-how far.
can not yet be stated. .

~t is also oQviousthat if the the anticlockwise eddy persists through spring (as
there is ample evidence, theoretic as well as direct) it must constantly draw into its
eastern side (and so carry northward toward the Bay of Fundy and the coast of
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Maine) an admixture of the colder and less saline water from the'Nova Scotian cur
rent; but the details of this process and the extent to which it influences thete~

perature, salinity, and circulation of the northeastern part of the gulf can not:be
worked out until more da.ta are gathered for the critical months of May and June..

It is much to be regretted tha.t no records on the eastern part of Georges Bank
have been obtained for June, which might throw light on the expansion of Nova
Scotian water in that direction; but the fact that we have found the surface salinity
considerably higher in the Eastern Channel and in the basin of the gulf near by
than from Browns Bank in to Cape Sable, both in June and in July (figs. 128. and
136), shows that any movement that may take place along this zone toward the
southwest in spring had ceased by the beginning of the summer both in 1914 and
in 1915.

CIRCULATION OF THE SUPERFICIAL STRATUM AS INDICATED BY
TEMPERATURE

The distribution of temperature is by no means as clear an index to the non
tidal circulation of the surface waters of the gulf as is its salinity, because any given
mass of surface water may be warmed rapidly by the sun or cooled by radiation
when the overlying air is the colder without suffering any alteration in its identity
by mixture with other water masses. In the deep strata, however, which are more
or less insulated from these thermal influences from above, regional differences in
temperature are more easily interpreted in terms of circulation.

The relationship of temperature to circulation is referred to repeatedly in other
connections;84 only the most salient aspects, then, need be referred to here.

The belt of coldest water, which fringes the shores of the gulf in winter, owes
its low temperature to the chilling effects of the icy winds that blow ont over it from
the land. The fact that this cold band (as illustrated by the surface charts for mid
winter (fig. 80) and for February to March-fig. 1) is comparatively uniform 'in
breadth all along the northern and western shore line, is best reconciled with a set
paralleling the shore. Any considerable movement of surface watereitherfrom the
land out to sea or vice versa would give much more undulatory courses to the criti
cal isotherms of 5° in December to January and 2° in February to March.

Surface water equally cold over the Northern Channel and Brow;ns Bank on
the February to March chart (fig. 1), giving place, by a rather abrupt transition, to
readings 1.5° higher over the Eastern Channel, reflects the westernmost bound of
the~ Scotian current at the timej and an expansion of water colder than 4° out
over the· channel from the the gulf and across the eastern end of Georges Bank but
not across the western end of the bank is evidence of a movement in that direction,
which corresponds to the drifts of bottles set out off Cape Cod in summer (p. S86).

The undulatory course of the March isotherm for 3° gives a rather clear indica
tion of an anticlockwise eddying movement in the central part of the gulf, with
warmer water moving northward in the eastern arm of the basin and colder water
drifting out from the land off Penobscot Bay, illustrating one of the varying forms

II See thll ohaptllr on tllWpllraturll.
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of the Gulf of· Maine eddies. This same distribution of temperature, however,
reappearing in April, is reminiscent of a past state of circulation, not of a present
one, because the corresponding charts of salinity show the dominant set to have
assumed a southwesterly course, more nearly parallel to the coast line,from the one
month tQ the next (p. 743). Neither of these early spring charts of temperature
suggest any drift of warmer water into the eastern side of the gulf from offshore;
but some drift of this sort is indicated on the 40-meterchart for March (p. 525) by a
band warmer than 3° entering via the Eastern Channel. This indraft appears
more clearly at deeper levels (p. 526);

With the advance of spring the regional inequalities of temperature become
increasingly significant, from the standpoint of circulation, as they outline the lines of
dispersal followed in the gulf by the cold water of the Nova Scotian current. In
general, temperature corroborates salinity to the effect that the current did not begin
to flood westward past Cape Sable until after the middle of April in the year 1920,
though it had exerted its chilling effect in this direction as far as the eastern side of
the basin of the gulf by the last of March the year before (p. 553). The isotherms
for May (fig. 27), however, suggest more of a tendency for this Nova Scotian water
to spread northward toward Maine and the Bay of Fundy, as well as westward in
the gulf, when at its head; than do the isohalines (p. 745).

Rising temperature, like rising salinity, reflected a slackening in the current in
1915 from May to the last half of June, when an abrupt transition in the temperature
of the coldest stratum, from the Eastern Channel (about 8.1°) to the vicinity of
Cape Sable (about 0.7°), located its southwestern boundary at Browns Bank. This
is also indicated by the abrupt transition from colder to warmer water along the
western slope of the bank at 40 meters; but the low temperatures recorded over the
southwest slope of Georges Bank on the July profile for 1914 (fig. 58, p. 616)86 is
readiest explained as reminiscent of a cool current skirting the bank from northeast
to south some time previous. It seems that in the cold year 1916 such a drift of
cool water was either in much greater volume or persisted until later in the season,
for it is difficult to account otherwise for the band of low temperature which the
Grampus encountered over· the southwestern slope of the bank that July (p. 629).

"The facts that the cold band of 1916 lay almost exactly in the prolongation
of that of 1914; that a similar streak of comparatively low temperature (6.4°) was
encountered at the same relative position on the shelf some 60 miles farther west in
1913 (station 10062); and that the axis of the coldest water noted on the shelf south
of Nantucket in 1889 (Libbey, 1891) merely prolongs this general zone, practically
amount to proof that a northeast to southwest flow of cold water takes place there
annually in late spring or summer, dovetailing in between the warmer and fresher
bank water on the north and the Gulf Stream on the south." (Bigelow, 1922, p. 166.)
Its source is discussed elsewhere (p. 848). The July isotherms for 1914 locate its
extreme western boundary between longitude 68° and 69°, where the 40-meter chart

OJ Thls also appears on the c01T8llpondlng chart Cor the 40-meter level, but Is complicated there by active vertical mixing that
maintains a higher temperature over the shoal parts of the bank 8tthls depth (lower at the surCace) than on its southern side;
the alternation oCa WlIIlD with a cold belt along the bank, outlined In tile 4D-meter wart (fig. 53), IsthereCore partly of local
origin. .
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(fig. 53jisotherms for 10° and 12°) suggests an eddying movement, drawing warmer
water inward over the bank on the western side j but· in other summers the cool
drift extends much farther westward. Bottle drifts, for example, pla.ce 1922 in this
category (p. 883); and Libbey (1891 and 1895) records it in longitude 70° to 71° in
the summer and early autumn of 1889.

In another chapter (p. 585) I have tried to make it clear that the areas of low
and high surface temperature, which characterize various parts of the Gulf of Maine
in summer, are due chiefly to tidal stirring-most active over the shoal banks and in
the northeastern part of the area generally, least so in the basin off Massachussetts
Bay. Tidal stirring also plays a part in holding the surface temperature somewhat
lower along the western margin of· the gulf and around the shore of Massachussetts
Bay than a few miles out at sea j. but the gradation also points to some movement
of the surface water eastward, away. frbm the shore, under the impulse of the
prevailing southwestern winds, an event with which bathers on our beaches have
long' been familiar (p. 588), and which takes part in the development of the western
side of the Gulf of Maine eddy. The evidence (by bottle drifts) of a westerly set
from the Nova Scotian side and from the Bay of Fundy along the coast of Maine is
also borne out by the extension of surface water colder than 14° westward past
Penobscot Bay in August (figs. 46 and 47) over depths so great that tidal stirring,
in situ, is not active enough to be responsible, per se, for surface values as low as
those actually recorded there.

The 40-meter charts for July and August (figs. 52,53, and 54) also suggest a
similar westerly drift by the isotherms for 8° and 9°, though at this depth the water
moving in that direction from the Nova Scotian side is warmer than that which it
replaces off the coast of Maine-not colder, as it is at the surface. or discussion
of this bathymetric difference, see p. 608).

The mutual relationships of waters warmer and colder than 9° were especially
suggestive in August, 1913, as locating the vortex of the anticlockwise eddy about
60 miles south of Mount Desert and Penobscot Bay (fig. 52). The correspond
ing chart for 1914 (fig. 53) is not so easy to interpret in this respect, the picture
being complicated in the western side by a pool of watercooler than 6°, which
probably owed its low temperature to vertical stirring or to local upwelling in the
mid depths.

None of the summer charts for temperature reveals any dominant movement of
warm water into the gulf from bffshore at the surface, nor do the 40-meter charts for
the summers of 1914 or 1915, but some circulatory indraft of this sort is suggested
on the 40-meter chart for 1913 (fig. 52) by temperature, just as it is by salinity
(p. 782), by the warm (> 10°) tongue in the eastern side of the basin, with lower
temperatures on either hand, to which the reader's attention has already been called
(p.608).

At first sight the distribution of temperatures at 40 meters prevailing in July,
1914 (fig. 53), might suggest a drift into the gulf from offshore across the eastern end
of Georges Bank, but a closer analysis makes it clear (p. 617) that in this case unity
of temperature had a local significance only, being an adventitious result of the fact
that vertical mixing was most active on the northern part of the bank.
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CIRCULATION IN THE DEEP STRATA AS INDICATED BY TEMPERATURE
AND SALINITY

Dawson's (1905) observations made it known that the tidal currents of the
eastern side of the gulf run about as strongly down to a depth of 55 meters as they
do at the surface, and measurements taken at 5 stations by the Grampu8 in the
summer of 1912 showed bottom currents varying in velocity from 0.1 to 0.25 knot
per hour in depths of 100 to 265 meters (Bigelow, 1914, p. 86). Evidently, then,
the basin of the gulf is constantly in a state of active circulation right down to the
bottom, its whole mass of water oscillating to and fro with the tides, though with
velocities somewhat lower in the deep water than at the surface..

Up to the present time no attempt has been made to determine the nontidal
movement of the bottom water of the gulf with current meters or by the use of deep
drift bottles, such as have proved so instructive in the North Sea, but the regional
differences in temperature and salinity O1ltline the major movements over the bottom.

At depths greater than 100 meters the gulf of Maine is an inclosed basin with
the narrow Eastern and. Northern Channels as the only possible entrances or exits
through which water can flow in or out of its basin. It follows from this that any
deep current into the gulf can enter only in its eastern side. Such entrance might be
via either of the two channels or through both, so far as the contour of the bottom
is concerned. Actually, however, salinity and temperature show that the indraft of
slope water over the bottom is restricted to the Eastern Channel, the abrupt west~

east transition in salinity and in temperature, which characterizes the Northern
Channel, being incompatible with any large transference of bottom water through
the latter in either direction.

The dominant drift in the eastern side ofthe Eastern Channel is clearly northerly
(into the gulf) at all times of year, but a considerable difference between high values
of temperature and salinity in the eastern side of the channel and lower values in its
western side in March, April, and July (pp. 770, 789) point to an outflowing current
via the latter, continuing southward and westward around the slope of Georges
Bank.

Slope water is betrayed in the deep strata of the gulf by its high salinity
(33.5-34 per mille, p. 849) and moderately high temperature (4.5° to 8°). At the 100
meter level the isotherms and isohalinesshow the inflowing current hugging the eastern
slope of the basin in March as a rather definite tongue of high temperature and
salinity (figs. 13 and 94), veering westward around the northern side of the basin,
with a countermovement of cooler and less sllline water setting southward and
eastward around the. southern side of the basin. In fact, physical evidence could
hardly be clearer that the general Gulf of Maine eddy was effective to a depth of at
least 100 meters in this particular month, though complicated· by an indraft through
the Eastern Channel in the deeper levels, which did not directly affect the surface
(p.704); . ..

An anticlockwise circulation is also indicated on the 100-meter charts for April
(figs. ,25 and 116), though less clearly, by concentration of the highest salinities and
temperatures in the eastern and northern parts of the basin, the lowest in the west
ern and .souther~ parts. In this case, llowever, the westerly component involved 8.
broader and less definite band off the coast of Maine than in March, and the easterly
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component of the eddy had shifted southward to skiitthe northern slopes;Of
Georges Bank more closely.

Information as to the movement of water along the bottom of the Northern
Channel is much to be desired at the season when the Nova Scotian current is flood
ing in greatest volume into the gulf. Some drift may be assumed to take place into
the gulf by this route as deep as 100 meters in 1915, to account for the concen
tration of the most saline water in the western side of the basin at the 100-meter
level in May (fig. 127), instead of in the eastern side, as at other times of year.
It.is probable, therefore, that when the drift past Cape Sable is at its maximum it
causes a westerly shift in the vortex of the general eddy in the mid depths, though
not essentially altering the anticlockwise type of circulation, however. Any west
erly drift that may have taken place along the bottom of the Northern Channel in
1915 had ceased by June; on this basis, alone, is the abrupt east-west tran,si
tion that appears there on the 100-meter chart of temperature for that month expli-
cable (fig. 43). .

In midsummer the transition from lower salinities and temperatures in the
western side of the gulf to higher in the eastern, at the 100-meter level, and the
sweep of the successive isohalines and isotherms from east to west along the northern
slope of the gulf, again give evidence of a general set northerly past Nova Scotia
and westerly along the coast of Maine in the mid depths, paralleling the dominant
circulation at the surface. The nontidal movement of water of the southern side of the
basin at this level is not so clear, the picture being confused by an area of relatively
high salinity and temperature off the northern slope of Georges Bank near the
entrance to the Eastern Channel, which is not easy to account for.

In spite of this and of other apparent anomalies the distribution of temperature
and salinity in the mid depths, as exemplified by the 100-meter level, are, as a whole,
compatible with the domination of the basin by the general Gulf of Maine eddy,
anticlockwise in character.

The horizontal circulation of the gulf at greater and greater depths is more and
more directed by the contour of the bottom, which gives the basin the outlines of ay,
with two arms uniting and open to the Eastern Channel (p. 784) at 175 meters, but
entirely inclosed at 200 meters and deeper.

With temperatures and salinities recorded at one deep station or another for so
many months and years, it can be stated confidently that the movement of bottom
water inward into the gulf takes place in pulses, the secular fluctuations of which
have only been glimpsed as yet (p. 850). On the other hand, dynamics (fig. 204) and
the distribution of temperature and salinity point to some outgoing drift via the
western (Georges. Bank) side of the Eastern Channel between these pulses in
summer (pp. 789,852).

The presence of water of high salinity (34 per mille) in both arms of the trough
but never (so far as yet recorded) over the submarine ridge that separates them is
good evidence that the latter divides the slope water as it drifts inward in the deep
est stratum of the gulf.

Two separate anticlockwise eddying drifts are indicated in the bottoms of the
two arms of the trough, at depths of 175 meters and deeper, by saliIDties and tem
peratures averaging somewhat higher on the side that would be to the right, for an
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CIRCULATION AS INDICATED BY THE PLANKTON

inflowing current, tha.n on that to theleft (p.785) . Thecirdultition in each may
therefore be described as "estuarine," subsidiary to the estuarine circulation of the
basin of the gulf as a whole, inward along the right-hand (eastern and northern)
sides and eddyirigtothe left. The regional difference between the 'right and left
sides being widest in the eastern trough, with 'the maximum values of sa.linity .and
temperature both higher there than in the western, a greater volume of slope water
continues northward over the bottom toward the Bay of Fundy (and a.t a greater
velocity) than is diverted to the westward by the ridge that culminates in Cashes
Ledge.

The tracks which immigrant members oOhe planktonic community follow into
the gulf and in their further wanderings within it are discussed in such detail in
the preceding number of this volume (Bigelow, 1926, p. 51), to which the reader. is
referred for details, that the briefest of summaries will suffice here. Immigrants
of this category, whether from tropic or from northern sources,enter the gulf in the
eastern side; seldom or never across its offshore rim farther west. (Bigelow, 1926,
figs. 31 32, 33, 69, 71, and 72.) The relative regional abundance of our northern
copepods, Oalanu8 hyperboreu8 and Meiridia longa (Bigelow, 1926, figs. 71 and 76),
clearly pictures the drift westward into the gulf from the offing of Cape Sable and
westward along the offshore slope of Georgei;l Bank in the spring; and· the records
for the more delicate northern visitors-Mertensia, Ptychogena, OiJcopleura va'Tl1Wifeni,
and Limacina helicina-are chiefly confined to the area on the eastern side, where the
water is most chilled by the. Nova Scotian current.

Clearest evidence of the drift within the gulf is afforded, of course, by such
species as are comparatively short lived there and can not reproduce in its low (or
high) temperature. The records for these in the upper 40 meters or so have been
constantly confined to a rather definite belt paralleling the coast around from the
Nova Scotian side to the offing of Massachusetts Bay, leaving the central and
southern parts of the gulf bare (Bigelow, 1926, fig. 31). A distribution of this
sort is reconcilable with an eddying drift inward, anticlockwise around the gulf; in
fact, it is explicable on no other reasonable assumption, and .this corroborates the
drift-bottle experiments. A drift of this same sort from the coast of Maine west..
ward and southward toward Cape Cod is also made probable by the relative dis
tribution of buoyant fish eggs and of larval fishes (Bigelow, 1926, figs. 34 and 35).
Planktonic animals that enter the gulf in the mid levels via the Eastern Channel
(Eukrohnia hamata, for example) parallel the surface communities in their general
drift northward, westward, and southwestward, except that they are held farther
out in the basin by the contour of the bottom; but visitors characteristic of the
deepest water of the gulf (e. g., Sagitta maxima) follow the two arms of the Y-shaped
trough, just as might be expected from the drift of the slope water, as indicated by
the salinity (p. 922).

The comparative scarcity of animals of coastwise or shoal-water· origin over the
deep basin of the gulf (Bigelow, 1926, p. 32), like the distribution of salinity, is evi
dence of a circulatory system paralleling the coast, not fanning out in the offing of
the river mouths.
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VERTICAL STABILITY AS AFFECTING THE CIRCULATION OF THE
GULF

A clue to the relative strength of vertical currents in different parts of the
gulf during the warm months is afforded by the relative degree of vertical stability
of the water that opposes them.

The relationship between vertical circulation and stability is simple. When
ever or wherever the water is so nearly homogeneous as to the density that it has
little or no vertical stability (as is the case in the coastwise belt of the Gulf of Maine
in winter), vertical mixings or upwellings freely follow the tidal circulation and the
disturbing effects which the wind exercises on the surface; but if'the superficial
stratum be made much lighter than the underlying stata by freshening or by·solar
warming, it requires a considerable expenditure of force to drive the light surface
water down or to bring heavy water up from below. It is conceivable, also, that
the column might become so stable as to effectually insulate the deeps from any
influence from above.

The activity of vertical circulation at any time or place in the gulf, therefore,
depends on the momentary balance between the mixing tendency of the tides, etc.,
and the degree of vertical stability by which this is opposed.

It is important to bear in mind that any given particle of water has no stability
per se, but only relative to the water above and below it. It is usual, therefore,
in hydrodynamic calculations, to state the stability for strata of convenient thick
ness.86 Being strictly a function of the density of the water, a simple visual measure
of its relative value is afforded by the usual curves for density, plotted against depth,
remembering that the more the curves depart from the vertical, the higher the stabil
ity, and that it is zero throughout any stratum where the curve is vertical.

Regional variations in this respect may be represented graphically by plotting
the differences in density between the surface and some underlying stratum chosen as
a base, as in Figure 185. The greater the difference, the the more stable the water.

In the Gulf of Maine the tidal currents are strongenough at all depths to effect
an active mixing of the water, were they unhindered; and the consumption of slope
water that takes place in the inner part of the basin (p. 941), with its constant replen
ishment from offshore, is unmistakable evidence of some interchange between surface
and bottom. The prevalence of a decided contrast in salinity between the superfi
cialand deep strata throughout the year proves this interchange a slow process, how
ever, wherever the water is more than 100 meters or so deep. The limiting factor
here is the stability of the water, for the specific gravity of the slope water in the
bottom Of the gulf is always considerably higher than that of the superficial stratum,
even in winter, when the latter is heaviest and itself has little or no stability.

The gulf asa whole, then, is always in a state of stable equilibrium, whatever
may be the state of the water near its surface; and while not sufficiently so to pre
vent vertical mixing from taking place constantly, we have no record of slope water
welling' up to the surface from the bottom of the trough, nor is such an event to be
expected. .

80 The unit of stability usually employed Is the number of surfaces of equal specific volume per 10 meters of depth, repre
sented graphically by vertical lines varying In breadth according to the stability of the water In the several strata. (Sandstrllm.
1919, p. 283.)
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The vertical stability varies little from season to season in the bottom stratum
deeper than 100 meters, indicating comparative uniformity in the activity of vertical
circulation there; but wide seasonal fluctuations in the stability of the superficial
stratum reflect corresponding differences in th.e stirring effects of the tides, etc.
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In northern coastal waters generally (the Gulf of Ma.ine is no exception) vertica
mixing of the upper 100 meters is most active during the coldest season, when, thanks
to low surface temperature, the water has little stability; and it is at this season
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that the consumption of slope water'is most rapid. From March to April, however,
vertical currents in the coastal belt between Cape Cod and Cape Ann are suddenly
opposed by the increase in stability effected by the combined (\ffect of the freshen
ing of the surface by the river freshets and of the rising surface temperature.
Together these processes produce an average difference of about 2 to 3.5 units of
density between the surface and the 40-meter level in this zone by May (fig. 185).
The most stable state yet recorded in the gulf was off the mouth of the Saco River
on April 10,1915 (Bigelow, 1914a, p. 417), when very low surface salinity (26.74 per
mille) was responsible for a vertical range of 4.53 in density within this stratum,
showing that vertical mixings had virtually ceas(\d, for the time being. May also
sees the rather sudden establishment of a high degree of stability in the Bay of
Fundy consequent on the sudden lowering of the salinity of the surface by the fresh
ets from the St. John River (p. 808), Mavor (1923) having recorded a difference of
about 3.7.in density in the upper 40 meters on May 4, 1917, at Prince station 3,
where the water had been virtually homogeneous on Aprit9.

The Penobscot freshet apparently has much less effect on the stability of the
water off its mouth; and without sufficient inrush of fresh water along the coast
between Penobscot Bay and Grand Manan to offset the active tidal mixing, we find
that in May the upper stratum of the gulf is most stable in its two opposite sides,
viz, Massachusetts Bay to Cape Elizabeth in the west and in the train of the St.
John River in the Bay of Fundy in the east. Consequently~ the active vertical
cireulation that characterizes the Bay of Fundy during most of the year js tempora
rily iuterrupted there at this time.

This period of temporary quiescence for the Bay of Fundy is of brief duration,
Mavor (1923, p. 375) showing the 40-meter stability decreasing again by June to only
about one-fourth of the May value as the river water is incorporated into the water
of the bay.

I can not state the stability along western Nova Scotia for May; but it is not
·likely that the small amount of fresh water emptying in along this sector of the coast
line can offset the active mixing which the strong tidal currents tend to effect there.

In the offshore parts of the gulf, to which the freshening effect of the increased
discharge from the rivers has not yet extended, the superficial stratum is but little
more stable in May than in April, the average difference in density between surface
and 40 meters rising only to about 0.3 over the basin generally. The Nova Scotian
current, as it flows into the gulf from the east, is so nearly homogeneous, both in
temperature and in salinity, that it, too, is but slightly stable, though considerably
lighter than the warmer but much more saline water in the eastern side of the trough
over which it floats (cf. the density at station 10270, p. 988).

In the southwestern part of the gulf generally, where tidal currents are weaker
than in the northeast, their mixing action is not sufficient to prevent a progressive
development of stability in the upper 40 meters through April, May, and June as the
surface warms;' and as soon as the surface temperature has risen appreciably above
thl,tt of the und(lrlying water, upwellings are readily recognized by their chilling effect.

. As' remarked in another chapter (p.550), water often wells up from bEllow along
the. western sid.~ofthe gulf~n spring, when offshore gales drive the surface water out
to sea. Bathers on New England beaches also are familiar with this same event in
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summer (p. 588). The fact that the surfaceaveragesd'lOm~what,eo()ledllongthecoast
at that season, from Cape. Cod to Cape Elizabeth,than a f&w,m.iles()ffshor&p~obably

reflects the cumulative effect of such litpwellings following the prevsiilirigsol1thwesterly

89'7<1'
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FIG.186.-Difference fn density between the surface and the 40-meter level in July and August for the several years
record,-colnblned. Correctedfor:compression

winds. No doubt this happens still more frequently there in winter, when nortnwest
gales are frequent, though it is not so easily recognizable thetL In,the (op~osite
side of the' 'gulf the tendency is thereverse-:'L .e~, the surf8.cewatel' isdrlven
in against the shore and f)inkl>;and.:with vert,iclll mi;K~ng bythe.ti4~~,~j)Mlii~.that
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but little stability develops there, more or less overturning of this sort probably
takes place along the coast of Nova Scotia even at the warmest season. The fre
quency with which bottles have stranded there after drifting across the gulf may be
explained on this assumption.

The upper 40 meters of the southwestern part of the gulf attains its highest
stability during the last half of July and first half of August, being then most stable
off Massachusetts Bay and out to Cashes Ledge (fig. 186); but the Bay of Fundy as
a whole is hardly more stable then than in winter, with a gradation from southwest
to northeast around the north shore of the gulf,87 paralleling the degree of stratification
of the water with respect to temperature (p. 596).

These regional differences reflect corresponding differences in the vertica
circulation. In the one case this is active enough to prevent the development of
thest:ablestate by keeping the water thoroughly stirred, but in the other mixing is
not rapid enough to prevent the formation of a warm, light, surface layer, which, as
it develops, retards vertical movements of any sort. The insulating effect that
results is responsible for the preservation of the low temperature of each preceding
winter well into the following summer, in the deep bowl off Gloucester and in the
trough between Jeffreys Ledge and the Isles of Shoals (fig. 70).

The following rule, therefore, may be laid down for the summer season: Where
ever in the gulf the surface temperature is lower than in the surrounding waters,
and the water is nearly homogeneous vertically (with little stability), vertical circu
lation of some sort is active; but .where the water is warmest at .the surface and
most stratified as to temperature and density vertical circulation of any kind is
weakest.

Nantucket Shoals, where tides run strong over and between the ridges and
channels, afford an interesting example of the thermal result of active mixing, the
surface temperatures there being lower but the bottom water warmer in· summer
than in the neighborhood generally. These same criteria show active mixing on the
eastern side of Georges Bank; likewise, no doubt, about Georges and Cultivator
Shoals. This also applies to German Bank. Dawson (1905, p. 15) has pointed out
that pools or " wakes" of low surface temperature, extending north and south from
Lurcher Shoal off Yarmouth, result in the same way "·from the stirring up of the
water."

The Bay of Fundy is the classic example of violent tidal stirring for the Gulf
of Maine region, where the currents, running with great velocity over the shoals
at its entrance and among the islands off the New Brunswick shore, keep the water
mixed, top to bottom, throughout the summer, a fact referred to repeatedly in the
preceding pages. This peculiar circulatory state of the Bay of Fundy, made clear
by Huntsman, is of far-reaching biologic significance; for, as he points out, so Iowa
surface temperature is thereby maintained throughout the summer that "conditions
approximating those in the far North are produced in shallow water" (Huntsman,
1924, p. ~81)..

The rush of the tides be.tween the islands along the coast of Maine, east of Penob
scot Bay, is similarly reflected in low stability and slight thermalstratification (p. 599).

11 Only about one·tblrd as stable near Mount Desert and one-tentb as stable near Grand Manan as at tbe moutb of
Messacbusetts Bay.



PHYSICAL OCEANOGRAPHY OF THE GULF OF MAINE 929

The courses of the curves for 1.5,2, and 2.5 units of density on the chart, (fig. 186)
give evidence that the shoal ground off Penobscot Bay and out toOasp.~s!Ledgealso,
is the site of considerable vertical disturbance as the tidal currents. ~re defl.ecte~

by it.
As summer passes into autumn and the surfacewaters cOJllIllence to. co.ol, the,

parts of the gulf that are most stable in summer become less and less lJO,withlittle
change in the eastern part, where the whole column of wa.ter loses hea,t more uni
formly. Theresuli is that vertical mixing is less and less opposed in ,the western
part of the gulf and regional differences decrease in thil;l respect.

The autumnal decrease in stability is illustrated for the southwestern partQf the
gulf, generally, by the offing ofCape Ann, where the upper 400050 meters lose.sta~

bility most rapidly during the early autumn, then more slowly but, constantly, through
the winter.. At depths greater than 100meters no regular seasonal,successiop.appears,
all the curves being roughly parallel, their differences attributable to annual fl.uctua~

tions in temperature and salinity. The seasonal succession cis essentially of
this same kind in the deepwater in the .northeastern cornarof the gulf,though,
thanks to strong tidal currents, the seasonal range of sta.bilityin the uppeJ;';40 rp.eter~

(expressed in terms of density) is only about one~third as wide here as it ~ off,Pape
Ann.' ,

Stability offers but littleoppositi9n t9, t1).e free,yertical cir.cul~ti()nof.wll:~r~

any part of the gulf after November; less near the surface than at greater depths,
as appears from the following table for October, and November of 1916:

Vertical range in denBity for the superjicial8tratum ana for the mid stratum

Station oto 40, 40 to 100
meterS' ineters Station o,toto, ~O tolQO

,IIleters,'metets

~ga.: :::::::::::::::::::::=:::::::::::::::
10401 .~ __._~ __._.• • ~-__- • ,

11·79
.64
.,61

0.12
.55'

,
1.00
1.30

The free mixing that takes place from that time on throughout the winter is iUus
trated by the uniformity with which the upper 50 to 100 meters cool off, during
December, January, and the first half of February; evidentl:v"water is constantly
being brought up to the surface from below,there to radiate its 'heat, and water
cooled at the surface is as constantly sinking.

It is not necessary to follow in detail the changes instability that takepla:ce.in
winter in this connection. It is lowest over the gulf as a whole at the end ofFeb
ruary or first of March, when the difference in- density between the sm,'face and. the
40-meter level has been only 0.1 to 0.33 for all our stationson the banks and within
the gulf, except at one off the Kennebec River (station 20058).

In fresh-water lakes, in high latitudes, autumnal cooling increases the-density
of the surface until a dynamic overturning of the water regularly follows. Our first
winter's work in Massachusetts Bay (Bigelow, 19140., p. 387) suggested<that this
same process was partly responsible for the rapid chilling thattakeEl'placether-a; but
subsequent study, and especially the observations made in the bay from the Fi8k
Hawk in 1925, proves this earlier interpretation erroneous and make it unlikely that
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dynamic :overturning' ever occurs in the operigulf, .unless ona small' scale and coni.:
fined to 'a. iverythiil: superficial stratum. Thisstatementis based on the fact that
the density 'has been slighily lowest at the surface atallou'r winter stations,when
compression is allowed for, though without this factor the surface stratum would
often'appb'ar heaviest. .It is true that the stability of the water is virtually nil in
winter; out 'tidal stirring and the stirring Elffect of the 'Wind· are everywhere so active
during the cold months that they more than keep pace' with the chilling of· the sur
facEl by constantly bringing up new' water from below to take the place of the
surface layer as the latter chills and before it is heavy enough to sink.

The thermal effect of mechanical mixing is essElntially the same as that of
dynamic overturning, however-i. e., to bring the whole column of water within the
chilling influence of the low air temperatures. It is possible that dynamic over
turnmg ddes occur locally in the coastal zone, but it ha.s not actually been recorded
there,

Vettical 'dyrtamic circulation of another sort was·' observed in Massachusetts
Bay in February, 1925,where water, chilled at the surface dose'to the land, was
moving offshore on the bottom, and with surface water from offshore moving in
above it to take its place, as described above (p. 659). A more detailed survey of
th,e temperature of the coastal belt in winter may show that circulation of this sort
is ¢bt~widespreaa than appears from 'observations taken so far.

, DYNAMIC/EVIDENCES OFCIRCULATION

CONSTRUCTION OF DYNAMIC CHARTS

Given a differElnce of pressure between any two stations in the sea, a current
will result. as surely as water will flow out through a dam when the sluice gate is
opened, unless opposed by a stronger counterforce or an unpassable barrier. Even
a preliQlinary examination of the dynamics of the gulf (and no more is attempted
here) may be expected greatly to amplify such knowledge of its dominant circulation
as has been gained from the more direct lines of evidence discussed in the preceding
chapters.

The method of attack chosen here is that of the dynamic-contour chart,
widely -employed' by European oceanographers and recently described by Smith
(1926). For the sake of the nontechnical reader, an explanation of the principles
involved in its construction and its interpretation are attempted here in the
simplest possible language.ss

.In the sea, gravity, acting always directly downward, will set the wa:ter in
motion if, its surface slopes at all; sad even if the surface of the water be level,
cll,rrentswill be caused if its specific gravity is greater at one place than at another,
because the pressure exerted by the water at a given depth must then vary .corre
spondingly; and the plane at which the pressure is uniform must be oblique to the
pull of gravity. All this is embodied in the old adage, "water seeks its ownlevel."

Although the physical principles that govern the gradient, currents in the sea
are simple, calculation of the drifts that will actually result from any given distribu
tion of specific gravity is so complex that Bjerknes's (1898,1910, and 19U) illumi-

888ee also Sandsti"llm (1919) for a simple explanation of hydrodynamic principles..
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nating application ofmathematica1 methods first offered. a practical and .easy method
of solution. ,

Since that time Eu!opean, and especially the Scandi.p.,~vian, oceanogrl,l.phers
have devoted muchattentioJ;l, to the dynamic calculation of .ocean currents', with
such success that great advances in our knowledge of oceanic circulation are to be
expected. Sandstrom (1919) has also studied the dynamics of Canadian Atlantic
waters; Wiist (19~4) of the straits of Florida and neighboring parts of the Atlantic;
aJ;ld Smith (1926, 1927) of the "Labrador" and "Gulf Stream" currents arouJ;ld .the
GraJ;ld Banks.

The simplest and most graphic method of learJ;ling the directioJ;ls followed1?y
the dynamic circulation in any sea area is by a horizontal projection showing (by
contourlines) the regional variations in the thickness of the column of water included
between the surface of the sea and the level at which some given pressure, equal
for the whole area, is. reached.

If th~ specific gravity 89 of the water is regionally uniform over the whole area,
the depth of the layer so bounded will equally be uJ;liform, and there will be no
dynamic flow from anyone part of the picture to any other; but if the weight of an
equa~ thickness of water be greater (i. e., its specific gravity higher) at one locality
than at another, a lesser thickness will produce a given pressure at the heavy station
rather than at the light, and such a flow will tend to develop.

Consequently, calculation of the height of the column. of water necessary to exert
a given pressure for any two stations will give the dynamic tendency existing between
them in the stratum included in the calculation; and if the survey can be extended
to include a number of stations, scattered netlike over any part of the sea, we arrive
at the dynamic gradients for the whole area.
. This calculation is based on the principal that the pressure exerted by a column
of water of unit area is the product of three arguments-its height, its specific gravity~

and the acceleration of gravity; and if the first and the last of these be combined
into dynamic units of measurements, as explained below (p. 932), pressure may be
stated still more simply as equal to the height of the column (in dynamic units),
multiplied by its specific gravity. Or, conversely, the height of the column (in
dynamic units) will equal the pressure it exerts, multiplied by the reciprocal of the
specific gravity of the water, namely, by its specific volume.

For example, if the specific gravity of a given column of water be 1.026, and it
be desired to find the height or depth (in dynamic units) necessary to exert 50 units
of pressure, we have: Specific volume 0.97466 X50=48.73300 dynamic units of depth.
If at a neighboring station the specific gravity is only 1.022, 48.92350 units of depth
will be requisite to effect this same pressure, so that there will be a dynamic slope
between the two stations of 0.2 dynamic units of height (or depth) .

.. A brief delinltlon of the much-abused term "density" as· employed to express the specific gravity of sea water
follows:

In hydrodynamic calculation what Is Important Is the specific gravity that the water In question actually possessed at Its
temperature at the time and under the pressure to which It was actually subJected-i. e., i'll8itu; not that which It might have
possessed at any other temperature or depth.

The specific gravity of sea water differs from that of distilled water only In the second and subsequent decimal places. To
avoid the use 01 such long decimal fractions It is usual to subtract land to multiply by 1,000. substituting the term" density" for
"specific gravity." For example, the density of sea water of a specific gravity of 1.025 is stated as 25.00.

Specific volume (merely the reciprocal of densit}')i • t he more convenient value to use iu numerical calculation-
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The practical application of this theorem to hydrographic problems thus hinges
on the selection of suitable unit values for thickness and for pressure; the selection
of such was not the least Qf Bjerknes's contributions to dynamic oceanography.

The force responsible for dynamic currents in the sea is that of gravity-not
the capacity for work inherent in the water itself because of its mass. Consequently,
the unit of height (or thickness) used in hydrodynamic calculations must not only
stand in a linear relationship to the unit of pressure, but it must also be a direct
measure of the potential force of gravity, which accelerates all falling bodies equally,
irrespective of their mass. The gravity potential set free when a unit mass of
water flows down a sloping surface is the product of two arguments-(l) the
vertical difference in height and (2) the accelerating force of gravity. The latter
being about 9.8 meters per second, the dynamic value of 1 meter of linear height
must (in the meter-ton-second system) be stated as 9.8 units. Thus, gravity
performs one unit of work in -g-~-g-=0.102 meters, so that one dynamic decimeter ...
0.102 meters, or one dynamic meter = 1.02 common meters. For the reason just
stated this relationship between dynamic and common linear measure is constant,
no matter what the density of the water under study may be.

lt is not practical to make direct instrumental measurement of the pressure below
the surface of the sea; this can be deduced only from measurements of the temper
ature and salinity, and these must be taken at predetermined depths.

To calculate the thickness of a column of water that will exert any given pres
sure-':say 100 units-the first step then is to establish the specific volume. This
decreases in the sea with depth; consequently, to learn the mea.n specificvoldme it
is necessary to determine the value not only for'the top but also at the bottom of
the column. If we could know before hand how deep it would be necessary to lower
our instruments in order to do this~in other words, if the pressure unit of thickness
could correspond to the ordinary linear measure-evidently the procedure would
be vastly simplified. Strictly speaking, this is impossible because. the linear value
of this pressure unit must vary with the specific volume of the water. In practice,
however, as Bjerknes and Sandstrom and Helland-Hansen (1903) have explained,this
objection vanishes because the specific volume of the water varies only so very slightly
with depth that the value will be given for the bottom of the chosen pressure column
if the readings are taken within a few meters of it, whether shoaler or deeper.

Consequently, if a pressure unit can be found, which sha.ll nearly (even if not
quite) correspond to the ordinary linear measure, we can learn the specific volume
where the pressure is, say, 100 units, simply by measuring the specific volume at a
depth of 100 meters. The selection of such a unit we owe to Bjerknes, who proposed
the "bar" to be equal to the pressure exerted by 10 dynamic meters (or 10.2 common
meters) of fresh water, not under compression, and at the temperature of its maximum
density. By the theorem stated on page 931, that pressure is the product of linear
height, specific gravity, and acceleration of gravity, the "bar" will then equal 9.9
meters of salt water 35 per mille in salinity and 0° in temperature, so that a decibar
is virtually 1 meter of sea water. For the reasons just stated, if the salinity and
temperature be taken at any chosen number of meters below the surface this will give
the specific volume where the pressure is that same number of decibars. Thus, if in
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the example given on page 931 we read dynamic meters instead of units of thick
ness, the corresponding units of pressure will be 50 decibars.

If the dynamic depth to which it is necessary to descend into the sea to reach
a given pressure be greater at one station than at another (as is necessarily the case
if the specific gravity of the water varies regionally), only two alternative states ar~

possible: (1) If the surface of the water is level, the given isobaric surface (surface
at which the pressure is equal) must slope; or (2), if this isobaric surface is level,
the surface of the sea must slope. The resultant circulation will differ accordingly.

If the first alternative actually prevailed, the obliquity of the isobaric surfaces
would increase with depth and the dynamic circulation would be most rapid at
the bottomsof the deepest oceans. However, as Sandstrom (1919) and Smith (1926)
both have emphasized, this is directly contrary to the truth, for the bottom waters of
the ocean show only very slight regional variations in specific gravity and move only
with inconceivable slowness. Consequently, when a dynamic gradient exists over
any part of the sea it is the surface that slopes. It is of the greatest importance to
keep this concept constantly in mind, because the conventional dynamic representa
tions in profile show the surface as level, and hence are likely to prove misleading.

If, then, the isobaric plane chosen as the base for reference in our calculations
lies so deep that it is level, or virtually so, calculation of the thickness of the column
of water necessary to effect this pressure for a number of stations shows the actual
contour or shape of the surface of the sea. Dynamic-contour charts of the deep
oceans, such as have been constructed by Helland-Hansen and Nansen (1926) and
by Smith (1926), are cases in point. In shoaler waters, however, where surfaces of
equal specific gravity, and consequently the isobaric surfaces, are oblique right down
to the bottom, the calculated dynamic slope of the surface of the sea will either
exaggerate or minimize the true slope of the latter.

This is the case in the Gulf of Maine. Consequently, the dynamic charts offered
here can be taken only as a rough approximation to the state actually prevai.liJig.

The actual charting of the dynamic gradients in horizontal projection is hardly
. as siIpple as the foregoing r6sum6 might suggest because of the necessity for inter
grating the individual values for specific gravity at the levels of observation to
arrive at the mean values for the included intervals; because, also, the specific
gravities must be converted into specific volumes, and because the latter must be
corrected for compression. The last two steps, however, are robbed of all difficulty
by Hesselberg and Sverdrup's (1915) tables, as simplified by Smith (1926, p. 18,
Tables 3 and 4). Smith (1926) has so fully explained the construction of the dynamic
chart, as well as the principles involved, in a publication universally accessible,that
only one aspect of the procedure needs further comment here, namely, the modifica
tions necessary in studying an area so shoal and with stations differing so widelyin
depth that it is not possible to refer all the calculations to anyone isobaric base
plane. In this case it is necessary to calculate the gradient between pairs ofadjacent
stations, afterwards referring all to some one chosen station. Furthermore, if the
specific volumes of the water at the two members of each pair of stations are not
the same at the greatest depth reached at the shoaler, it is obvious that the inter
vening mass of bottom water deeper than that level must be in dynamic circulation;
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hence, it must be taken into account in some 'Way in calculating the dynamic slope
at the surface. "

Jacobsen and Jensen (1926) have very fully discussed this question in their
dynamic study of the Faroe Channel,finding that inmost cases this effect of the "
bottom water may be sufficiently allowed for by arbitrarily applying to the dynamic
gradient between the two stations in question the product of the difference in
specific volume between them at "the deepest level of the shoaler station multiplied
by half the difference in depth. If the station where the calculation shows the
surface as highest also has the largest specific volume at the deepest level of the
shoaler of the pair, the gradient is to be increased by the amount of this correction
decreased if the reverse obtains. If the difference in depth be greater than, say, 150
meters or so, no arbitrary correction of this sort can be relied upon, consequently
the dynamic gradient can be stated only within very wide limits. The only cure is
to estltblish the stations closer together on future cruises.

The dynamic-contour chart 90 closely resembles an ordinary weather map in its
general appearance, and it is as easily interpreted in terms of the resultant circula
tion. Dynamically, the water tends to flow down the slopes from the parts of the
picture where the surface stands high to those where it is low, and at right angles to
the contour lines. Actually, however, this could happen only at the equator. Every
where else the effect of the earth's rotation so deflects this motion that the stream
lines come nearly to parallel the contour lines, which may then be taken ll.S directly
representing the current, just ItS the direction of the wind is roughly parallel to the
isobars on the weather map.

In the open ocean, where tidal currents are weak, the contour lines may even
approximate the tracts of the particles of water if approximately constant accelera
tion has been established. This, however, does not apply in a region such as the Gulf
of Maine, where the tidal currents average much stronger than the dynamic tendencies.
In this case the latter act only to give to the tidal flow a character more definitely
rotary than would otherwise be the case, or to strengthen the one tide at the expense
of the other. Here the dynamic-conto\lr lines show only the general advance which
the water tends to make good in its tidal oscillations to and fro.

Because in every case the datum plane for the calculation is necessarily the
underlying water, not the solid bottom of the sea, the motion indicated by the chart
is not Itbsolute, but is only relative to that of the deepest stratum of water included
in the picture. If this be motionless, the calculated drift represents the a.ctual
motion of the surface (or chosen level) relative to the coast line, but not otherwise.

In the Northern Hemisphere, where moving bodies are deflected to the right,
the direction of flow, relative to the plane of reference,91 is to be identified by the
rule that the gradient current will constantly have the lightest water (i. e., the
highest surface) on its right hand, the lowest surface on its left, as it veers cyclon
ically around the latter. If the surface drift be faster than the bottom drift, ItS is
usually the case, this indicated direction of flow will also be the true direction,
relative to the bottom; so, too, if bottom and surface drifts be parallel, whichever

.. Dynamic-contour charts may as easily be constructed for any desired depth below the surface of the sea, as described by
Smith (1926).

'1 In the Gulf of Maine this is the bottom water between the pairs of adjacent stations.
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is the stronger, But· if the bottom 'current/be the stronger, and'both currents are
opposite or diverge by a considerable angle (ll.S may rarely be the case in shoal watert

though perhaps never in deep), the method is made unreliable; .
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FIG. 187.-'IHstribution of density at thesuiface, February to March, 1920

In studying the dynamics of any shoal'area it is also essential ~o appr~at~
the effect· which. the contour of the bottom may have in deflecting. th~'gra.dient
currents... This, of course, can not be stated by rule, but usually it i~fllirlY:l:Iiu1p.~eo~
interpretation. ' ' ' .
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Once the dynamic gradient is established between any two stations, the corre...
spondingvelocity,of the water at ,the one, relative to the other, is calculable bya
simple formula, described by Smith (1926, p. 31), who also makes clear the correction
necessary to learn the true velocity if the profile in question does not cut the current
at a right angle. An alternative method of calculating the velocity, often employed,
is described fully by Sandstrom (1919); and the Fish Hawk data for Massachusetts
Bay (Jun~, 1925) have been treated in this way by R. Parmenter (p. 949; figs.19R
and 199), as an illustration.

DYNAMIC CONTOURS AND GIUDIENT CURRENTS

FEBRUARY AND MARCH

At the end of the winter and during the first days of spring, when the general
equalization of temperature and of salinity (already discussed) makes the upper 40
meters extremely uniform, regionally as well as vertically (pp. 522, 703), over the
whole gulf, the distribution of density at the surface would suggest a very quiescent
state. Thus, the surface chart for February and March,1920 (fig. 187), shows a
maximum regional variation of only about 0.4 units over the whole basin, with the
central part of the latter virtually uniform (at 25.8 to 25.9) from station to station.

Only the immediate offing of the Kennebec River was then appreciably less
dense (about 25) at the surface, the Eastern Channel and the region off its mouth
slightly more so (about 26 to 26.1) ; and the whole western and central part of the
gulf, with the coastal belt along Nova Scotia, was then equally uniform at 40 meters,
though with slightly higher values (26.3 to 26.5) along the eastern side of the basin
and through the Eastern Channel.

It is clear that with the water so nearly homogeneous horizontally there is very
little dynamic tendency toward any general system of gradient currents in the upper
stratum of the gulf at that season, except that the freshening of the surface by t.he
increasing flow from the Kennebec foreshadows the development of a drift westward
along the coast-a tendency, however, still confined to so thin a surface stratum
tha,t it did not yet govern.

Neither does the state of the water at the surface suggest a general dynamic tend
ency at that season toward a drift from the east into the gulf past Cape Sable, or
vice versa, in the surface stratum, the density of the upper 40 meters being com
paratively uniform (in horizontal projection) from the cape out to Browns Bank for
early March. This corroborates the eV'id~nce of salinity and temperature that the
Nova Scotian current did not flood westward past the cape in the spring of 1920
until later than sometimes happens (p. 832). However, when the density of the deep
strata is taken into account it becomes obvious that the hydrostatic forces set in
operation by the banking up of the heaviest water against the eastern slope of the
gulf (p. 849, fig. 172) must tend to cause a cyclonal or anticlockwise movement of
the deeper mid strata, carrying with it, as an overlying blanket, the surfacestratum,
i tselfso nearly quiescent.

The dynamic chart for February and March, 1920 (fig.188), gives an indication
of the stream lines to be expected at the surface under the conditions of temperature
and salinity then existing, which may be taken as typical of the first two weeks of
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spring. However, I must here caution the reader that at this'time of year, when
the propulsive force for gradient currents is derived mostly from. the deep strata of
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FIG. 188.-Dynamic gradient at the sUrface of the gUlf for February to March,1920, referred to the ElIStern Channel as tlie
b8Sestatlon. The dynamic heights are given {or every dynamlo centimeter. For further explanation see p. 937,

water, the probable error introduced into the calculations by the necessity for assum
ing an arbitrary correction for the differences in depth' between· pairs ofadja.cerit'
stations (p. 934) is relatively greater than for late spring or summer,whenthe surface
stratum is moving more rapidly than the underlying water. Conseqllently;:the
contour lines on the early spring chart (fig. 188) and the dynamic gradiefttswhioh
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they sl,tow can be accepted only as a rough approximation, not in detll-i!. .Some
smoothing of the curves has proved necessary in the c()nstruction of the chart, also.

Even with this reservation these contours show that the bltsin of the gulf
(potentially, at least) was then the site of one major cyclonal (i.e., anticlockwise)
eddy, with its center taking the form of a troughlike depression extending from the
Eastern Channel northward and inward toward the offing of the Bay of Fundy.
It is interesting that this general eddy seems also to have involved the latter, with
the surface water drifting inward along the Nova Scotian side, outward next the
New Brunswick shore and past Grand Manan.

The highest velocities then indicated were a drift northward into the gulf along
the western slope of Browns Bank and a counter movement outward along the
Georges Bank side of the Eastern Channel. With the correction used here for the
difference in depth this indraft works out at about 13.5 centimeters per second,
equivalent to 0.27 knot, or about 6% miles in 24 hours. The calculated velocity
for the outdraft around Georges Bank is lower-0.22 knot, or 5~ miles in 24 hours.
These velocities, however, are on the assumptions, first, that the water in the center
of the Eastern Channel was stationary and, second, that the difference in depth
between the trough of the channel and the crests of its two slopes was correctly
allowed for in the calculation (p. 934).

By contrast, the whole western side of the gulf was" dead," dynamically, as
late as the middle of March, in 1920, its upper stratum only tending to drift south
ward (anticlockwise) very slowly, except at the mouth of Massachusetts Bay, where
greater velocity in this direction is suggested by contour lines more closely crowded
(fig. 188). It is interesting to find that the effect of the discharge from the Kenne
bec and Penobscot was. most evident in speeding up the southwesterly surface drift
some 40 miles out from the land-not close in to the latter, as the surface chart of
density for the same date (fig. 187) would have suggested if taken by itself.

Lower densities at two of the stations in the basin (20054 and 20052) than in
the general vicinity are best interpreted as isolated pools, which, if correct, implies
sudsidiary clockwise eddies; so, too, a corresponding high appearing on the east
ern edge of Georges Bank on the dynamic chart (fig. 188). While these seem not
to have seriously interrupted the general anticlockwise movement, they are inter
esting illustrations of the persistence of such pools, which have drifted off from the
general zone of low density next the coast.

The comparatively dead state of the water over the whole eastern half of
Georges Bank at this season also deserves a word. The chart suggests a slow drift
southward and so out of the gulf across the western half of the bank at this time,
but the contour of the bottom makes it more likely that the surface water was
actually moving eastward around its northern edge, because the underlying strata
(which in thisc~se supplied the motive power) are necessarily directed by the sub
marine slope, against which any southward drift must strike. Thus, we may con
clude that the dynamic movement of water around the basin was even more definitely
eddylike and anticlockwise in March than the chart (fig. 188) suggests.

Lacking March data for the region of Nantucket Shoals, the chart fails to Elhow
whet~er a. defip.ite dynaJUic outflow is to be expected around the latter to the west
ward from the gulf at that season.
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In the offing of Cape Sable the dynamic gradient for March,1920, calls for a
weak drift clockwise but spreading far offshore toward Browns Bank before eddying
northward again toward the gulf. Hence, thecold Nova Scotian water that we
encountered midway out over the shelf (station 20075, p. 1000) did not then tend to
round the cape, but to veer offshore, which agrees with the distribution of temper,.
ature and salinity at the time. Dynamic evidence also is strong that whatever water
was then entering the eastern side of the gulf in the upper stratum was drawn chiefly
from the region of Browns Bank and from the edge of the continent in the offing of
Cape Sable-i. e., from the source whence the gulf regularly receives its slope wat~r

(p. 848).
The dynamic gradients for March are especially instructive along the continental

slope abreast of the gulf because of the light they may throw on the problem of the
so-called "Gulf Stream" along this sector. Fortunately, this is made comparatively
clear for this region (fig. 188) by the considerable difference in density between the
outer stations on the two cross profiles of the bank-western and eastern (stations
20044 and 20069). On the eastern profile the gradient (dipping to a low at the
outermost station) shows a strong drift to the westward along the edge of the bank,
its calculated velocity being about 0.6 knot, or 14 miles in 24 hours. While this
calculation depends on the correct allowance for the difference in depth between
stations, one of which was much deeper than the other,92 the direction of this gra
dient current is well established. A weak continuation of this westerly drift (indi
cated by a low in the dynamic contour) extended along the edge of the bank as
far as the western profile (run three weeks earlier); but here this gave place to a much
steeper counter gradient to high in the next 10 miles offshore, implying a counter
drift to the east.

Unfortunately, the difference in depth between the stations on the edge of the
bank and outside is again so great on this profile (150 to 200 and 1,000 meters)
that the arbitrary correction employed to take account of it becomes only a rough
approximation, though the order of this correction (i. e., whether increasing, decreas
ing, or even tending to revers~ the gradient calculated for equal depths) is in every
case clear enough (p. 934). When all reasonable allowance is made for this source of
error, however, the velocity of the easterly drift may safely be set as at least half a
knot. Fortunately, calculation of the dynamic head between the two outermost
stations on these two profiles is not subject to this error, both being deep enough
(1,000 meters) to reach equal density at the lowest levels. Consequently the general
contour, as laid down for this region in Figure 188, is established, as is the fact that
the western profile reached out to water of comparatively high temperature and
salinity in the upper stratum, while the eastern profile did not, though its outermost
station was still farther out from the edge of the continent. .

So long as the dynamic gradient continues to be of this sort it is evident that
the superficial drift of warm water along the continental slope, commonly spoken of
as the" inner edge of the Gulf Stream," is not only to be described as a typical
gradient current but is to be expected within 15 to 20 miles of the edge oithe bank
between longitudes 68° and 69°. Farther east, however, the contour lines on the
chart (fig. 188) show it departing farther and farther from the bank, agreeing in this

"Station 20068. 200 meters; station 20069, 1,000 meters.
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with general report. On the other hand, the westerly counterdrift set in motion
along the inshore side of the dynamic depression (or cabellingzone)loses in velocity
and hugs the bank more closely from east to west.

From the general oceanographic standpoint this demonstration that this sector
of the "Gulf Stream" receives a propulsive impulse from the local hydrostatic
forces (i. e., is strictly a dynamic drift) is one of the most interesting results of our
explorations.

The upper 50 meters or so of the gulf being close to quiescent, dynamically,
during February and March, the chart for the surface (fig. 188) will as well represent
the gradient currents down to as deep as 100 meters or so for that season, leading
to the interesting result that the whole column down to this depth tended to drift
inward along the eastern side of the Eastern Channel at the time, outward along its
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FIG. 189.-Dlstrlbutlon of density on s profile running from the esstern end of Georges Bsnk seross

tbeEsstern Chsnnel, Browns Bank, snd the Northern Channel, to the vicinity of Cspe Ssble,
March 13 to 23, 1920. Corrected for compression.

western side, which is also evident in the profile (fig. 189). However, if we descend
to as great a depth as 150 meters a rather different. dynamic distribution appears,
with the center of anticlockwise revolution located as a low close to the northern
slope of Georges Bank, with a weak but definite tendency toward a gradient drift
crossing the basin from northeast to southwest, shown better graphically by the
dynamic contours (fig. 190) than verbally. This drift was then bounded.on the west
by a considerable dead area covering the whole west-central part of the basin (except
as interrupted by a subsidiary high marking a clockwise whirl in the offing of
Penobscot Bay), with a very weak southerly tendency along the western slope in
the offing of Massachusetts Bay.

In the eastern side of the area this deep projection points to a slow creep inward
through the Eastern Channel; but with only one station in the latter it is impossible
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to state whether this creep involved the whole breadth at this depth o:r (which seems
more likely) hugged its Browns Bank slope, as in. the shoalerstrata. .

In interpreting the dynamic contours in terms of potential drift at a depth at
which the basin of· the gulf is entirely inclosed except for one narrow channel, it is
obvious that prime consideration must be given to the contour of the bottom, as this 
controls the possible movement of the water. When this is taken into account, the
March chart (fig. 190) affords the best clue yet available to the movement of the
slope water over the floor of the gulf at a season when this is entering in large volume
via the trough of the Eastern Channel (p. 850). Dynamic contours for the 150-decibar

FIG. 190.-Dynamlc gradient, bottom to 150 declbars, referred to the sontheBStem side 0{ the gulf BS base station, for
February and March, 1920. Contour lines for every dynamic centimeter

level, like the distribution of temperature and of salinity, show this indraft following
the eastern side of the basin inward, to eddy westward and so southward; but instead
of completing a circuit around the cyclonic center ("low" on the chart-fig. 190),
the drift will obviously be deflected by the slope of Georges Bank. The angle at
which the contour (or stream) lines strike the latter suggests an overflow into the
dead western side of the basin. It is here, then, as well as along the northern
slopes of the gulf, that the consumption of this slope water chiefly takes place dur
ing the early spring, as tides a.nd wind currents constantly mix it with the less saline
but colder stratum above.
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The implication oJ a. dynamic contour .of. th.is sort in; the deeps of the gulf, com
bined with the effectofthe~onfiningslopes and with thi& conSl1lUption in thei.nIl.er
part, i~ obvious; it pJ.'ovides a propulsive force to PUlIlP into the guY the slope water
with wh~ch theoffing.of the Eastern Channel is kept supplied~aUlodynamically:--:
fromthe.source of manufacture to the eastw.ard (p. 847)..
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APRrL

The progressive freshening of the surface, which takes place along the northern
and western shores of the gulf with the advance of spring, results in the development
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of a corresponding coastwise belt of low~surface density by April, grading abruptly
to considerably higher values a few miles out in the basin (fig. 191). This develop
mEmt adds both velocity and volume to the longshore drift west and south, which
was foreshadowed on the March chart (fig. 188).

In 1920, according to the dynamic contours at the surface (fig. 192), this spring
current had come to dominate the entire coastal belt of the gulf from the neighbor
hood of. Mount Desert Island. (probably from the Grand Manan Channel) to Cape
Cod by the middle of April, and probably it does so every year by this date-.:earlier
in years when vernal progression in the sea is more forward. During the period
covered by this April cruise the average calculated rate of this current, referred to
the "low" in the offing of the Bay of Fundy (assumed stationary), was about 0.3
knot abreast of Mount Desert, about 0.18 knot abreast of Cape Cod, or an average
drift of about 5% miles per 24 hours along this coast sector as a whole. In spite of
the sources of unavoidable error this calculation falls at least within the order of
magnitudes suggested by other lines of evidence.

In Massachusetts Bay, also, a continuation of this longshore drift is indicated
by the dynamic contours from the north shore around toward Cape Cod. This,
again, agrees with the drifts of bottles that were set out a few miles north of Cape
Ann in April, 1925 (p. 890; fig. 177); and evidently this is the characteristic state
during that month, for salinities and temperatures taken in the bay by the Fish
Hawk on April 21 to 23, 1925, show a drift oflow density (fig. 193) southward past
Cape Ann and across the mouth of the bay to Cape Cod· as the water from the
Merrimac and other rivers to the north floods southward.

Surface projection (fig. 191) and dynamic contours (fig. 192) for April unite in
locating the low in the offing of the Bay of Fundy some 60 miles off Mount Desert
Island for that month, the whole east-central part of the basin out through the
Eastern Channel being virtually dead dynamically, contrasting with a weak
northerly set along the western shores of Nova Scotia. In the southern side of the
area the dynamic contours point to a persistence of the drift out of the gulf to the
south around the eastern end of Georges Bank, just described for March (p. 938; fig.
188), though at a lower velocity; but as a result of the equalization of temperature
and salinity from the Eastern Channel in across Browns Bank (p. 553) only a very
slow movement into the gulf along this side of the channel is suggested by the April
chart (fig. 192).

The general result of the lightening of the northern and western margins of the
gulf, combined with the shift of the cyclonal low northward across the basin,
which follows a slackening in the indraft of slope water, is to give the anticlockwise
circulation more definitely the oharacter of a great eddy in April than in March,
centering off the Bay of Fundy and with its western side traveling southward with
greater velocity than its eastern side drifts north.

It is probable that in April the gradient currents are given an easterly direction
along t~e northern slopes of Georges Bank, just as in March (p. 938), by the contour
of the bottom, with a separation off Cape Cod between this easterly drift an.d .a
southerly drift paRt the cape and past Nantucket Shoals. This suggestion is cor:'
roborated by the fact that bottles followed both these routes from Massachu~etts

and Ipswich Bays in April, 1925.
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MAY

ProgresElive incorporationpf river water into the northern and weliltern sides of.
the gulf, coupled with vernal warming, constantly favors the ~n~iclockwise moy~'
ment of the so-called" spring current " (fig, 194); and ;with the resultant ch"nges
in salinity and temperature atfecting chiefly thesurface,.the Elite of the chiefdyna,Dlic
impulse toward circulation .shifts from the deep 'strata to the sll,perficial. 1:0, May,
1915, for examp~e, a difference pf about 1.5 units pf density was recorded a.tth&,
surface between the vicinity. of the mouth of Massachuset.tEl Bay. and the basin in.
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FIG. 192.-Dynamic gradient at th6 surface of the gulf. April (I to 20, 1920. reflll'l'ed to the o1llng of the Bay of Fundy
as base station, Contours for every dynamic C8ntimet~r

its offing (fig. 194) in a distance of 30-odd miles, but only about one-seventh as wide
a difference at the 50 or 100 meter levels. (stations 10266 arid 10267).

As a reslllt, the dynamic chart for May (fig, 195) corresponds closely to the dis
tribution ·of density at the surface, except for the relationship between the shallow8
of German Bank and the deep water immediately to the west of :the latter.. In this
region the surface projection, taken by itself, would give a false picture, being can·
fused by the strong tides that keep the water thoroughly stirred over the bank, thus
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]1'10. 11l3.-Dynamlo gnr,dient at the sunace.of MassachU$llttsllay, ~pril2tto 23,1925. ContllUrs are for every one-half
dynamic centimeter. Based on hydrometer readings
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locall)" increasing the densit)" at the surface but correspondingly decreasing that of
the underlying strata. ,

At some time between the last of March and the first of May-the exact date
varying from year to year (p. 832)-the Nova Scotian current, flooding westward
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past Cape Sable into the gulf, is reflected by the development of a corresponding
tongue of low surface density extending westward from the offing of the cape.
Thus, in 1919 the eastern half of the Cape Sable-Cape Cod profile proved less dense
than the western in the upper 50 meters at the end of March and again at the end
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of April (Ice Patrol stations 2 to 3 and 21 to 23,p. 997). The regional distributipn
was essentially the same on this profile for May 4 to 7, 1915 (fig. 196), and it is
because this Nova Scotian water is relatively so light that it so little affects the
t~mperature of the deep strata of the gulf.

This overflow of water of low salinity shifts the potential depression, or low
(representing the center of high density), from east to west across the gulf to the
offing of Massachusetts Bay (figs. 194 and 195)-1. e., to the situation where the
surface is high in summer (p. 956). So long as the regional distribution of density
is of this sort (from early May in some years; probably as early as April in others)
the anticlockwise vortex centers over the western arm of the basin 30 to 50 miles
out from the mouth of Massachusetts Bay.

Under these conditions the surface water may be expected to drift with consid
erably greater velocity from northeast t.o southwest around the western margin of
the gulf than from south to north along its eastern trough (fig. 195), though the
current may be equally strong next the west coast of Nova Scotia, where data for
May are lacking. To what extent this anticlockwise circulation involves the Bay of
Fundy in that month is yet to be learned, though the sudden freshening of the sur
face there by the freshets from the St. John River (p. 808) suggests a considerable
differential in density between the two sides of the bay as characteristic of May,
pointing to an outflow in its northern half.

The data for 1915 fail to outline the longshore drift farther south than Cape
Ann, lacking observations close in to the cape or in Massachusetts Bay, but the very
low densities recorded at the mouth of the bay in May, 1920 (fig. 194), show it contin
uing down past Cape Cod, consistent with the drifts of bottles set out in Massachu
setts Bay in April, 1926 (p. 893).

The dynamIC gradient is so much steeper at the surface than in the deeps of the
gulf in May that calculations of the relative velocity would approximate. the truth
more closely then than earlier in the spring. In 1915 the calculated velocity relative
to the low off Cape Ann (assumed stationary, fig. 195) was about 0.23 knot per
hour near Cape Elizabeth, or about 5~ nautical miles in 24 hours. Abreast of
Mount Desert, however, the calculated velocity was only about 0.14 knot toward
the west at the time.

Unfortunately no dynamic data are available for the southeastern part of the
area for May, so that nothing can yet be said about the effect that the Nova Scotian
current may exert on the gradient currents otthe Eastern Channel and vicinity.

JUNE

Noone of our cruises affords a general dynamic picture of the gulf as a whole
in June, but the state of its eastern side shows that in 1915, at least (fig. 197), the
slackening of the Nova Scotian current from the east, coupled with the vernal
warming and progressive incorporation of land water in the west, caused the
low center of anticyclonic circulation to shift from the offing of Cape Ann to the
Eastern Channel by the last week of June. This seasonal return to the location it
occupies in March (judging from 1920) probably represents the normal progression,
the physical changes on which it depends being yearly events.
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With this gradient a considerable indraft is indicated into the eastern side of
the gulf; not, however, from the coastal belt to theea.stward of Cape Sable, 'but
from the region of Browns Bank and <>f its offing, Probably this indraft ha.d as.a
counter current an outdraft from the gulf around the eastern end of Georges Bank,
though, lacking a station on the bank, this can not be asserted definitely, It is
certain, also, that the dynamic impulse for a northeast-southwest current around
the northern and western margins of the gulf had slackened by the middle of that
June,

Unfortunately, no observations were taken in the western side of the gulf that
June, but a survey of Massachusetts Bay carried out by the F~h Hawk on June 16
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FlO. 197.-Dynamic gradient at the sUrface of the eastern side of the gUlf, from June 10 to 26, 1915, referred to the Eastern
Channel as base station. Curves are for every dynamic centimeter

and 17, 1925 (cruise 14), has enabled Mr, Parmenter to calculate the relative
velocities and directions of the gradient current on various profiles by the method
elaborated by Sandstrom (1919), and his results are offered here to illustrate this
alternative procedure,

These calculations (tabulated below) rest on two assumptions-first, that the
water was stationary at the greatest depth of the shoaler of each pair of stations,
and, second, that the profiles selected (typical examples are shown in fig, 198) are
at right angles to the existing current. In the present instance neither of these
requiFements is exactly fulfilled, but the close agreement· betwilen the calculation
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and the general distribution ofdenaity;in the uppe:r.'2Q.meters,(fig. 199) makes it
probable· .that the. caloulated directions: are a clofie' appro~mation to.· theactua1
dynamic tendency toward circulation. at the time.

Flo. 198.-'Specifle volumes bD three profiles in Massachusetts Bay, June 16 and 17, 1925. Calculated' by R. Parmenter
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------1---13,0'

FIG. 199.-The slngle-barhed arrows show the direction of the gradient current, as calculated for Massachusetts Bay ~ R.
Plll:IIl\l!lt~. June Wand 17, 1925.. The double-barhed arrows outUnll thll nontldlll circulation as it probably existlld at
the time, The broken curves give the density at the surface. 'For fUrthllr 'explanation see p.' 952
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Relative velocitill8 and direction, 01 the current, in MalllltJChU88ttB Bay, "FiBh Hawk"-'talionB, JUM 18
and 17, 19S5, calculated by R. Parmenter

SECTION I SECTION V

8TATIONS 35 TO 32. D18T1NCE, 37 KILOKETERB IlTATIONS 30 to 31. DISTANCJ:, 16 K1LOKBTBBS

6. 16 Southw~t.
3.43 Do.

(I)
STATIONS 31 to 32. DI8TANCE, 16 KILOMETERS

D~pth, m~ters

o • . _
10 _. ••••_•••• __ ••••
20 .,._ •• • __ "_,,,

V~loclty
(em. soo.) Direction

o ._•• .__• ..•••
10 _••• _._._•••__ ._.,_.
20 •__• __• __• • _

40 ._._ -,_,_, __,,_,_,,_76 _...__ ._... ..__

6.94 Southw~t.
4.18 Do.
1.62 Do.
.13 Do.

(I)

8TATIONS 18 TO lU. DISTANCE, 15 KILOKETBB8

STATlON8 32 to 33. DISTANCE, 18 KILOKETEB8

STATIONS 18A TO 32. DlSTANCB, 24 KILOKBTBR8

STATION833 to 34. DI8TANCE, 16 K1LOKETEB8

o .----.--- ..••- _'_'_110 _.__ •• •• • __
26 _._. • • ._••_

o .._. . . .
10 ••__ • •••_
20 ••••_. • _
40 • • •• _
60 _. __._ •• __ ••• ••••_

SECTION II

5. 671 Southeast.
4.24 Do.

(I)

7. 74 South~ast.
3.91 Do.
.63 Do..76 Northw~t.

(I)

o .. ... .__"'__ .._
10 •••••__._•••__•• •
20 __,.__._.__ ••• •••
40 _" •••••_•••• • __•
60 ••_•• • _

o ••_. ._••• _
10 ._.__._••_••_. _
20 ••__••__ • •••
60 • •• •• ._.__•

2. OIl Southwest.
2.79 Do.
2.29 Do.
0.00

(1)

6.33 Northeast.
4.69 Do.
2.41 Do.

(I)

STATlON8 4 to SA. DI8TANCE,18 K1LOKETER8
i

SECTION III

8TATION814 TO 3. DlBTANCII,24KILOKETB1(S

o -.·--·--··.·.·.·-·-.1· '0. Olllj- Narthw~t.10 _. ••_•• __• __ • __•• 1.40 Do
22 ••__ .• ••••• _.____ (1)

...-'--~-------

8TATION83 TO 33. DISTANCE, lSKILOKETBB8

. -o __•••_~_. ,;_~_ ••_
10 _._••:_._. • __••••
20 _••_•••__• ..:.__••••_
60 ,._.__ •••••• ._

1.63 Northeast.
2.61 Do.
2. 31 Do.

(1)

SECTION VI

~O ::::::::::::C::::::
20 " ' __ " ....._
30 _••••• •••_. _

8.22 Southeast.
8.03 Do.
4.28 Do.

(I)

o .__••_••__... •
10 •••__••••• __•• __• __•
20 __••• ••._.,_.
340 _••_.__•••••••••• _

7.77
5.74
3.52

(I)

East.
Do.
Do.

8TATION83 TO 4. DISTANCE, 8 KILOKETEB8

SECTION VII

8TATION8 SA to 7. DISTANCE, IS KILOKETIIlRS

o .•_._ ..__....•.
10 _._. __ • __••• ._••_
20 ",,_,,__ , .••••__•••
30 ••• __•••• •

SECTION IV

1.92 North~8St.
4.98 Southwest.
4.47 Do

(1)

o •__ ._••••.••__ 1

10 •••••_._ ••• • _

1Assum~d stationary•
•Negligible.

1. 471 Southw~st
(I)

With. the entire column of water on the whole lightest (specific volume greatest)
along shore and heaviest (specific volume smallest) off the mouth of the bay at the
time, the direction of the gradient drift -was_ clearly anticlockwise around- the bay
and outward past the tip of Cape Cod (fig. 199), but also with a southerly component
crossing the mouth of the bay more directly from borth to south. A pool of low
density in Cape Cod Bay must have tended to produce a subsidiary clockwise eddy
occupying most of the area between the Plymouth shore and Cape Cod.

The calculated directions and velocities also $how a second but smaller eddy of
the '!lame sort centering over the southwestern edge of Stellwagen Bank, though this
would not appear from the distribution of density at the surface.
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Dynamic evidence thus suggests the persistence of. the general southerly drift
past this sector of the coast line through June, involving Massachusetts Bay, which
is corroborated by the drifts of a considerable number of bottles that were put out
in the bay by the Fish Hawk a month earlier.
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JULY AND AUGUST

The rapid solar warming of the surface over the western arm of the basin leads
to the development of a pool of low density in the offing of Cape Ann by July and
August (figs. 200 and 201). The eastern part of the gulf, on the other hand, continues
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high in surface density throughout the summer, because of the strong tid~c'\ll!rents

thatcollstantly mix the surface stratum, as it warms; with colder and more salin~

water from below (p. 928), and because the indraft of slope water of high salinity is
directed into this side of the gulf. Consequently,the regional variatiOn in the density
of the upper 40 meters is wider in summer than at any other season, with the
fundamental west-east gradation reappearing from year to year in essentially the
same spacial relationship.

In April, and especially in May, the reader will recall, simple projection of the
density contours at the surface mirrors the genaral 9.ynamic tendency for the whole
body of water in the gulf, regional distribution being essentially similar downwfl,rd
through the whole column. This, however, is not the case in summer, because the
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F1G, 201.-Distribution of density at the surface. for the Inner part of the gulf, August. 1913

surface pool of low density in the offing of Massachusetts Bay is a superficial
phenomenon. In fact, the surface contour lines run almost at right angles to those
at 100 meter.s (fig. 202), which more nearly preserve the character of the preceding
months. The actual surface drift in this side of the gulf is therefore the component

. of a rathercompleA screwing motion. In the northeastern part of the gulf, however,
the surface state more nearly mirrors the regional distribution of density for the
whole column.

Unfortunately no one of oursummereruisl:lShas afforded the data needed for a
satisfactory mapping of density for the whole area... In the only summer (1914)
when the soiltheastern part Of the area was surveyed, the co&Stal belt (more impor
tant dyDltniically) was~eglecte'd. In every case, too,aUowance must be made for
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possible errors caused by the 'considerable period of time over which each survey
extended. ! The rapidity with 'which the density of the upper stratum may be
increased, if the surface be chilled by vertical circulation of any kind, makes it
unsafe ever to lay any stress on small regional differ~nces where tidal currents cause
as much overturning ofthe water as they do in parts ofthe Gulf of Maine.

The accompanying dynamic chart for the summer of 1914 (fig. 203) shows
the dynamic tendency toward circulation at the surface of the inner parts of the
gulf and of the waters off Marthas Vineyard for August and of the Georges Bank
Browns Bank region for that July. Unfortunately, these two divisions of the pic
ture are not strictly comparable because solar warming had been responsible for

01

26.6 +0 +

2L

\461
2.~53

010 42'

FIG. 202.-Density'at 100 meters, July to August, 1914. Corrected for compression

some slight decrease in the den.sity of the surface stratum from the one month to
the next, and for a very considerable decrease close to Cape Sable, where stations
situated close together but occupied 17 days apart differed by 0.4 in density. Never
theless, the general dynamic gradient proved so consistent for the gulf as a whole
for the two months that it has seemed justifiable to neglect the time interval in draw
ing the contour lines; the more so since the heaviest centers for July and Augu~t

proved almost exactly equal in dynamic height.
If the chart, so combined, be indeed typical of the season (as seems likely from

general knowledge of the temperature and salinity of the region), two centers of high
density (indicated as "low" on the dynamic chart) are now to be expected-the one
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overlying Browns Bank, the Eastern Channel, and the water off the mouth of the
latter; the other situated over the northeastern part of the basin; the two separated
by a slight potential elevation of the surface. Contrasting with these "lows," which

71' 7" ..' ... er e8'

FIG. 203.-Dynamlc gradient at the surface, July to August, 1914, referred to a base station In the Eastern Channel. The
curves are for every dynamlo centimeter. The picture south and east or the heavy dividing line Is for July; north
and west or It for August

are obviously the' vortices of anticlockwise circulation, is the high in the offing of
Massachusetts Bay. A slight gradient, west to east, is also shown from the north
ern low toward Nova Scotia in August; a steeper gradient of the same order north
ward towa.rd the coast of Maine. There is every reason to suppose that the water
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was then lighter still (i. e., the surface potentially still higher) all along the coast
westward from Mount Desert, where no observations were taken that summer.

Only in one small region did the dynamic contours for that July prove non
conformable to those of August~namely, in the immediate offing of Cape Sable.
Here a slope rising from Browns Bank across the Northern Channel gave place to a
potential dip next the cape in July, reflecting the high density of the cold water
next the Nova Scotian coast reminiscent of the Nova Scotian current of a month or
two earlier. Consequently, while the surface water over the Northern Channel was
then drifting toward the gulf, that next the cape was drifting away from it; but the
rising temperature of the next three weeks (combined with considerable freshening) so
decreased the density of this relict water that by mid August a rising slope was
recorded from German Bank in toward the cape, corresponding to the northerly
drift toward the Bay of Fundy with which so many drift bottles have journeyed.
Observations taken near Yarmouth, Nova Scotia, by Vachon (1918) in September,
1916, make it probable that in summer this sector of the coast line is normally
fringed by water relatively lighter than is shown on the chart for 1914 (fig. 200).

The distribution of density in the Bay of Fundy in summer has been studied by
Mavor (1923). Here the lightest water lies along the northern side in the upper 60
to 80 meters, the heaviest bottom water.banking up in the central part of the basin in
depths greater than about 100 meters. This type of distribution, as Mavor (1923,
p. 364) makes clear, must tend to develop a surface drift from east to west toward
the mouth of the bay along the New Brunswick shore. The "rising of the cold
(below 7°) and salt (above 33 per mille) water in the middle of the section" indicates,
as he remarks, an anticlockwise rotation of the bottom water guided by the contour
of the slopes, which is consistent with the bottle drifts (p. 868).

So long as the dynamic contour of the surface of the gulf is of the general type
shown on Figure 203, a generally anticlockwise type of circulation will tend to domi
nate the whole basin, centering some 40 to 60 miles offshore in the offing of Mount
Desert Island, with a subsidiary eddy, likewise anticlockwise, involving the Bay of
Fundy. The contour lines show that a southwesterly drift is then to be expected off
Mount Desert Island and past Penobscot Bay, but one constantly tending offshore,
veering rather abruptly southward and southeastward in the offing of Casco Bay and
so out across the basin.

Off Cape Ann, too, the dynamic drift tended to the southeast in August, 1914;
but a division was indicated there, with the coastal water recurving toward Cape Cod.

Comparison with the bottle tracks makes it evident that dynamic circulation of
this type corresponds very closely to the drifts of the bottles set out off Mount
Desert, as these have veered from southwest through south and east and so north
ward along the Nova Scotian coast (figs. 183 and 184). The center of this eddy
movement, however, seems to have been situated a few miles farther south and west
in 1923 than the dynamic chart (fig. 203) shows it for 1914.

These dynamic contoUl'S also correspond to the southeasterly component of the
tracks of bottles set out off Cape Elizabeth (figs. 180 to 182) and with the fact that
most of these turned offshore from the· beginning and did not parallel the coast line
southward toward Cape Ann, as happens earlier in the season.
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It is not so easy to reconcile the continued drifts of these Cape Elizabeth bottles
toward Nova Scotia and the Bay of Fundy with the dynamic contours, for the latter
suggest that any driftage from the northern coast of the gulf that reached the central
part of the basin would rather be drawn into the circulation around the heavy center
in the Eastern Channel, and so be carried outward around the eastern end of Georges
Bank. This, in fact, seems to have been the fate of some of the bottles set out off
Cape Ann and of most of those set out off northern Cape Cod in 1923 (fig. 176).
It seems reasonable, therefore, to conclude that by the end of July or first of August
of most years the zone of demarcation between the eastward drift around the southern
side of the northern heavy pool and the counter drift around the northern side of the
southern pool is located somewhat farther south than it was in August, 1914-not
far, in fact, from the line of monthly separation laid down on the chart for that year
(fig. 203). '

The distribution of density around the eastern slopes of Georges Bank affords
a striking illustration of the necessity for taking account of the difference in depth
between pairs of adjacent stations in the dynamic calculations, arbitrary though
this correction be (p. 934). Without the inclusion of this factor (p. 934), the dynamic
head between the low over the Eastern Channel and the high surface over
the neighboring part of Georges Bank would have been only about Ito 2 dynamic
centimeters in July, 1914 (except for one station at the extreme edge of the bank
station 10226-where an isolated pool of low density was recorded). Inclusion of
the difference in depth increases' this gradient to about 10 dynamic centimeters,
working out at a relative velocity of about 0.5 knot out of the gulf around the eastern
end of the bank (except as interrupted bya subsidiary clockwise circulation around
the light center, just mentioned), which is probably a closer approximation to the
truth.

The dynamic gradient along the southern edge of Georges Bank for July, 1914
(fig. 203), offers an explanation for the fact that none of the bottles from the lines
set out off Cape Ann and off northern Cape Cod, which have gone out of the gulf
around the eastern end of Georges Bank, have been reported from west of the longi
tude of Cape Cod, when so many set out to the south of the cape have gone in that
direction (p. 881; figs. 174 and 176). With the dynamic contours turning southward
to sea from the eastern end of the bank, and with the surface gradient rising from
longitude 67° to longitude 68°, the March state (fig. 188) is recalled.

The reasonable expectation with this dynamic distribution is that driftage leav
ing the gulf by this route would circle offshore somewhere abreast the eastern part
of Georges Bank, to be carried toward the northeast, finally, with the so-called
"Gulf Stream drift." It is probable, also, that at least three bottles that went to
England and to Ireland from the Cape Ann and northern Cape Cod lines of 1923
(fig. 176) followed this route.

The whole area of Georges Bank was comparatively dead water in July, 1914,
just as in March; consequently no dominant movement .is indicated across it either
into or out of the gulf, which is corroborated by the evidence of temperature and of
salinity. The bank as a whole is therefore made the center of a clockwise type of
dynamic circulation in July, just as the inner part of the gulf is of an anticlockwise
type.



PHYSIaALOCEANOGRAPHY OF, THE GULF, 'oF'MAINE 959

'fhe dynamic state is not sO clear for the southwestern'part aftha bamks area
in summer, where the riSe in temperature during the time interval between the two
cruises of 1914 (July 20 to 21; August 25 to 26) may have been \morethan e'ounter
balanced by some encroachmen.tof water of high salinity inwatdovertheshelf.
Consequently, the dynamic values for the offing of Marthas Vineyard for that Au
gust are not directly comparable· with those taken farther east duringthemollth pre
ceding. However, no gradient is suggested sufficient to account for the repeated
drifts of bottles westward around Nantucket Shoals from the vicinity of Cape Ood.

The dynamic relationship along the continental slope in the offing of' Marthas
Vineyard and eastward about to longitude 68° for July and August, 1914 (fig. 203),
recalls the March state (p. 939; fig. 188) so closely that a low or dynamic trough,
with the gradient rising to seaward as well as shoreward, may be taken as typical of

87'
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FIG. 2Ot.-Dynamlc gradient along the continental slope, bottom to 100 decibars, July to August, 1914. O<ii:ltours for ev~ry

dynamlo centlDleter

this belt. Its circulatory implication has already been discussed (p. 939). _ At the
date of our August profile for 1914 the calculated velocity of the easterly or "Gulf
Steam" drift along the offshore e,dge of this low, and relative te the latter, was at
least half a knot off Marthas Vineyard, or aboutthe same asin March,)920 (p.9,39),113

which corresponds very well with the average velocities reported in this seCtor of the
so-called "inner edge of the Gulf Stream" by passing ships in sumni~r"", ,',,,

The dynamic contours at 100 decibars for that July and August (fig. 2M) sho-W
the easte;ly.set actually washing the continental slope to the. west of lo,ngitu~f~ ,~~~
then swmgmg. offshore. We have here a ready explanatIOn for, the ,fac~.,t~~~

water of high temperature and high salinity-the" warm zon.e "-usuallY bathes t~~
slope along this western section but is separated from the slope fart¥r\e~s~vv~r(l~y
the colder counter drift out of the Eastern Channel. ' ,'- .,.... .'

iI For the reasons stated above (p. 939), the calculation of velocity In this iellion C8Il be tllken ~y.. a:rOU)(I! approximatIon,.
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In August, 1914, the bottom water of the gulf, as represented by the dynamic
oontours at 150 deoibars (fig. 205), tended dynamically to drift across the basin from
northeast to southwest-:-i. e., from the Nova Scotian slope and the offing of the Bay
of Fundy toward the southwestern side of the basin, closely paralleling the Maroh
stat(l (po 941; fig. 190) . The mechanism by which the deeps in the offing of Cape Ann
are kept supplied with slope water that has pre'Viously entered the gulf is thus made
olear. However, no direct dynamic drift seems to have been operative through the
Eastern Channel in either direction at depths as great as this that July or August,
contrasting with the strong outflow along its western side at the surface at the time
(fig. 203; p. 958).

Flo. 205.-Dynamlo gradient, bottom to 160 declbars, 1uly to August, 1914. Contours for every dynamlo ocntlmeter

.To test the constancy of the dynamic state of the gulf from summer to summer,
a dynamic chart of the surface is also offered for August, 1913 (fig. 206, stations
10086 to 10106). Unfortunately this is not as trustworthy as the chart for 1914.
because considerable interpolation of values,both for temperature and for salinity,
W8.!3. necessary in its construction.. It is probable, also, that there was some error in
the one or in the other, as recorded for two stations in the eastern side of the basin
(stations 10092 and 10093), accounting in part for the contrast between the two.
Nevertheless, the general gradient that results is so consistent, from station to station,
that it may safely be taken as an approximation to the actual state of the northern
and western parts of the gulf at the time.
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Obviously, the center for the general anticlockwise gUlf ,eddy lay ,considerably
farther offshore in that summer than in 1914-c--accol"dingto the chart.,approximately
50 miles south of Mount Desert Island. The genel"aldriftin.,the northwestern and;
western sides of the gulf, then, more nearly paralleled the coast line from northeast to
southwest, and so southward past Cape Elizabeth towal"d Cape Cod., Under these
circumstances drifts might be expected more closely to approximllitethe tracks of the
bottles that went from the Bay of Fundy to Cape Cod in 1919 (p; 870 ),rather than'
to show the offshore trend characteristic of the series set out off Mount Desert and
off Cape Elizabeth in the summers of 1922 and 1923 (p. 895).
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FIO;206;-Dynamlc gradient at the surface, August 4 to 20, una, Oontours for every dynamic wntlmetet

In August, 1913, no data were obtained closer to the Nova Scotian coast than
German Bank; but a higher surface in over the latter than over the basin suggests'
the northward drift to be expected on this side of the gulf. As it happens, this,
general scheme is obscured by a rather complex interaction between light and heaVy
water over the eastern side of the basin, which may, perhaps, mirror nothing more
than some observational error at one or other of the two stations concerned (10092
and10093). "

Unfortunately, no observations were taken in the southern'or southeastarJl parts
of the area in August, 1913. However, the distribution of salmity (p.767) m~kes it,
probable that the heavy water 'in the OffiDg of Mo'unt Desert was then,entirely
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sll,1'1'Ounded by lower: densities to the south, and so separated from equally heavy
w,aterto be expected near the Eastern ChllinneI and through the trough of the latter,
just as was the case inJuly~a.ndAugust, 1914. The available data. thus suggest that
thedyna1nic tendency toward circulation continues regularly anticlockwise from
summer to summerin the northern and northwestern parts of the gulf,. thoughdif
ferences in the locllttion of its center of revolution a.nd in the regional distribution
of ,density off the western shore are correspondingly reflected in the stream lines.

AUTUMN AN~ WINTER

Progressive equalization of temperature taking place in the shoaler strata of the
gulf du,ring the autumn obliterates the pool of low density that characterizes the
offing of Massachusetts Bay in summer. As a result, the distribution of density
comes to conform more and more closely to that of salinity. In the midwinter of
1920-1921 (apparently a representative season), the upper 100 meters were less dense
around the coast than in the basin offshore, with the transition more abrupt in the
western side than in the eastern, and the values highest in the offing of Cape Ann
(station 10490).

A regional inequality of this sort must cau.se a dynamic tendency for the
coastal belt to drift parallel with the land anticlockwise around the gulf, much as in
spring (p. 942), producing a northerly set along Nova Scotia, westerly along the coast
of Maine, andsQJltherly from the offing Of Cape Elizabeth past Cape Ann to Mas
sachusetts Bay, relative to the underlying water mass. This latter (as represented by
the 150-meter level) then proved nearly uniform in density horizontally (i. e., was
nearly stationary). Unfortunately, no data are available for the southern or south
eastern parts of the area for midwinter.

The progressive mixing of the water that takes place as winter advances makes
the upper stratum more and more uniform, both horizontally and vertically, with
respect to density as well as in temperature and salinity, until by February it becomes
nearly homogeneous, as described above (p. 522), and the annual cycle is complete.

WIND CURRENTS

Seafarers have known, from the dawn of history, that the. wind sets up surface
currents often so strong that they must be taken seriously into account in navigation;
and many a good ,ship has been wrecked from ignorance of the wind current.

In .the Gulf of Maine. the motive effect of the wind is made most apparent to the
oceanographer by the upwellings of colder and salter water from below, which take
place along it~ western margin when the ,surface water is driven offshore (p.550).
Every fisherman along our coasts knows from first-hand experience that' strong winds,
blo1Ving from one'quarter or another, strengthen the ebb at the expense of flood-or
v:i~e y;ersa, its the case may be. ,
. The dynamic principle according to which wind currents are produced is extremely

simple: The wind d.rives the surface water before it, the motion of the latter being
propagated to lui.de'rlying strltta bY the internal friction of the water.. Once in motion,
the water,as Nanse~ (19Q2)andEkman (1902) have pointed out, must'be deflected
by the effect of the earth's rotation. Nansen's (1902) observations on the drift of
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Arctic ice, with subsequent .studies of currents at lightships and analyses of wind and
drift at localities widely separated in the Baltic, North Atlantic, Mediterranean, North
Pacific, and Adriatic unite in proving that the wind drift does,in fact, average to
the right of the wind in the northern hemisphere, to the left of it in the southern, as
theory demands.

According to Ekman's (1905) more recent mathematical analysis, the surface drift
in a free ocean of unlimited depth will be deflected 45P to the right of the direction
of the wind in the Northern Hemisphere, more and more to the right with increasing
depth, but decreasing correspondingly in velocity until a level (the so-called" fric
tional depth" is reached where the drift is opposite the wind but at only about one
twenty-third the strength of the surface current. The depth of this level depends
on the strength of the wind. and on the latitude; theoretic calculation for homogene
ous water of a specific gravity (1.025) approximating that of the shoaler water of the
Gulf of Maine (Smith, 1926, p. 47, Table 14) locates it at 45 to 90 meters for the
latitude of the Gulf of Maine, with winds ranging in strength from 15 to 20 nautical
miles per hour (Beaufort scale, 3 to 4).

The Gulf of Maine lies within the belt .of variable winds, frequently reversing
in direction. The length of time required for the full development of a wind current
is therefore important. This is affected by many factors; but Ekman's mathemati
cal study with the measurements of wind and currents, which have been made at
lightships in various seas, makes it almost certain that only a few days are required
at the latitude of the Gulf of Maine. It is therefore reasonable to assume that
winds prevailing from a given quadrant of the compass for 50 to 70 per cent of the
time, such as actually blow over our gulf, are sufficiently constant in direction to
playa major r61e in governing the circulation of at least the upper stratum of water,
if not of the deeper levels.

If, then, the water of the gulf were homogeneous, free to move in any direction,
and considerably deeper than the" frictional depth," moderate winds, blowing com
paratively steadily from one general direction for a few days, should set the whole
upper 45-90 meters in spiral. Actually, however, the vertical stability and generally
stratified state of the water of the gulf tend greatly to limit the depth to which
wind currents may be expected to penetrate downward.

The angular deviation of the wind current from the direction of the wind may
also differ widely at sea from the theoretic expectation. If the depth of water be
less than the frictional depth, the angle will be less; and while this limit·ation does
not affect the development of wind currents in the basin of the gulf, it does affect
the coastal belt out, say, to the 40 to 50 meter contour. The vicinity of the coast
line, with the contour of the bottom, also governs the directions which surface drifts,
set in motion by the wind, must actually follow. The effects of these influences
have also been attacked mathematically by Ekman (1905); but, as Krummel (1911,
p. 469) has emphasized, so many variables, which can not be exactly measured,
enter in that the surface currents which the wind has actually been found to set up
in other coastwise localities, in comparable latitudes,still afford the best available
indication of what is to be expected in the Gulf of Maine.
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Long series of measurements of the currents at various lightships in the Baltic 9'
have shown the nontidal surface drift averaging about 30° to the right of the wind,
and much more often to the right than to the left. Analysis by Forch (1909) of the
relationship between the wind in the eastern Mediterranean, and the drifts there, as
reported in ships' logs for the Arabian Gulf by Galle (1910), have brought out a
corresponding tendency for the current to set about 40 to 60° to the right of the
wind. 95 According to the current tables published by the United States Coast and
Geodetic Survey (1923), local winds off the eastern coast of the United States like
wise produce currents setting about 20° to the right of th~ wind direction at a veloc
ity about 131 per cent of that of the wind. 116

The Baltic measurements just mentioned had already proved that the current
sometimes sets to the left of the wind, due, no doubt, to the effect of the coast
line. This relationship between coast line and wind current has been brought out
very clearly by a recent investigation of the currents at five lightships along the
Pacific coast of the United States by the Coast and Geodetic Survey. For a
detailed account of these observations the reader is referred to Marmer (1926 and
1926a). In summary they are as follows: Offshore winds and winds parallel to the
shore, if having the latter to the left, produce surface currents averaging 20 to 25° to
the right of the wind; but if the wind blows against a coast line lying to the right
of its track, at an angle of 45° or less (i. e., a southwest wind against a north and
south shore line), the current is deflected to the left as it strikes the coast, as might
naturally be expected from ordinary observation on the behavior of the tides.

The observations tabulated below (p. 964) for Portland lightship also show the
nontidalcurrent drifting to the right of the wind during months when winds blowing
toward the southern half of the compass favor the dominant southerly set; When
the wind blows toward the north or northeast against the current, the latter mayor
may not be reversed. If it is, the resultant set may be either to the right of the
wind or slightly to the left of it, depending on the complex interaction between
direction and strength of wind, nontidal set, and the trend of the coast line.

Dominant Burface Bet and prevailing wind at Portland lightship

Month CUlTent- Wind- Current Current
to right to left

~---------~--'I---------I---------------

1913Ootober . S.67° W S.2° E _
November ,____________________ S. 31° E____________________ N. 84° E _
December •• S. 11° W S. 50° E _

69° _
65° _

61
0

----_. ----

- The directions are those toward whioh winds and ourrents set. For full data see p p. 861 and 862•

.. Dlnklage (1888), Witting (1909), summarized by Krilmmel, 1911, p. 451.
II For theoretlo disCussion and explanation ofmodernmathematioal methods of oaloulatlng wind oUlTents'see Ekman (1905),

Krilmmel (1911), Sandstrllm (1919), and Smith (1926)•
.. This statement has as Its basis ourrent measurements taken at a large number or localities, some of which are discussed above

(p.963).
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The following tables, supplied by-theUnited States and Canadian weather bu
reaus, show the prevailing winds, by months, for several stations around the coast of
the gulf and over the latter.

Average percentage of wind8 from each direction (to year8, 1911 to 1920)

BOSTON, MASS.

Month North N~~r- East South· South South· Wfst North.
east west weet

--------------------1.-------------------·--

,~:l~?_-::::-:::::E:::::::::::::::::::::::::::::::::::::::::
10 6 2 6 3 28 28 a
11 6 • 3 6 17 31 :H
12 7 6 6 8 17 24 20April •__________"____________________________________________
9 11 12 7 6 16 18 21May_____eo' ___• _____• _______________ • ___ • ___________________

8 9 13 8 8 21 18 16lune. _____________•________________•_____________________ ._"" 10 9 16 6 6 23 18 11July ________•_________________•________••____________________
6 6 10 6 8 33 21 12August___•______~_________•__________________________________ r 8 10 7 11 26 18 14September_____________,,___________•___•__________________••_

11 7 6 8 9 22 19 18
October 9 7 7 7 10 23 20 17
Novemt>er::::::::::::::::::::::::::::::::::::::::::::::::::: 10 • • • 7 20 32 IIIDecember _____•_________•__e. _.__ • __ • _. ___ • ________________ •

10 4 3 3 6 16 32 27
Average for 3 winter mOllths _.___•___ •_____ •___•_______ 10 6 3 4 4 19 30 26Average tor 3 summer months___•____._••__________•••• 7 8 12 6 8 27 19 13Average tor year ••______________________________•____._

9 7 8 6 7 21 23 III

PORTLAND, ME.

&~~~~:::::::::::::::::::::::::::::::::::::::::::::::::::
tfa~l-::::::::::::::::::::::::::::::::::::::::::::::::::::::::lune__._. • • • _
luly •__ • • _

te~fe:~ii::::::::::::::::::::::::::::::::::::::::::::::::::October _
November " "" _
December •__~ • _

Average for 3 winter months _
Average for 3 summer months ._.__
Average tor year • • • _

21
22
17
18
12
10
11
9

14
15
18
21

22
10
16

6
4
6

12
10
11
7
7
7••4
5
8
7

1 3 6 19 19 24
1 4 8 17 19 24
3 6 13 15 18 23
6 4 13 13 14 20
9 7 21 14 12 16

10 8 18 14 13 16
7 6 25 19 16 10
9 8 23 18 11 14• 5 18 19 12 20
4 6 15 22 15 III
2 4 8 24 19 21
1 3 6 21 19 26

1 3 6 19 19 26
9 7 22 17 13 13
5 5 14 18 15 III

EASTPORT, ME:

1anuary " • • • • _

::~~::_::::::::::::::::::::::::::::_:::::::::::::::::::::::
tf;~I:::::::::::::::::~::::::::::::::::::::::::~:::::::::::::lune • • _
Iuly • •__._•• • • • '_" _
August 1 • • • ••_
September , ••__._. • • _
October • • ._. ._. _
November •• •_...._.__• •_. __••---. ••
December • •• _

Average tor 3 winter months. • • • _
Average tor 3 8ummermonths. •__• •. ,_ ••Average for year • • •• • _

lOne per cent calm.

8951-2~2

11
11
10
12
10
6
6
4
II

10
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5 4 8 17 27 21
4 4 6 16 28 22
5 5 13 17 20 22
8 3 17 16 13 17
6 3 30 16 9 14
7 4 31 15 11 14
3 2 40 21 8 9
4 3 38 18 10 13
6 3 22 21 12 21
5 2 22 20 14 21
4 3 II 24 21 20
6 4 6 13 27 28

6 4 7 15 27 22
5 3 37 18 10 12
6 3 20 18 17 18

• Two per cent calm.
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Average percentage of winds from each d~rection (10 years,1911 to lBBO)-Continued

YARMOUTH, NOVA SCOTIA

Month

~~~~:::::~:::::~::::::::::::::~:::::::::::::::::March••.• .• ._•• ', •••• ••__• •

~;::::::::::::::::::::::::::::::::::::::::::::~:::~~June. __ ••_•••_. _. • •__•• . •• .'_
July •__•__•_•__ •_. •_. •__••• • ._

~:=~ber::::::::::::::::::::::::::::::::::::::~::::October _."__ • • • ._. __._••_• _

~=~:::::::::::::::::::::::::::::::::::::::_::::
Average for 3 winter months. •• __.,_.__• •
Average for 3 summer months •
Average for year ._•• •__•••• •__

North North· East South· South South· West North· Calmeast east west west

--------------
16 12 10 9 6 10 6 30 2
16 13 9 8 7 7 7 29 4
17 9 7 7 9 11 10 26 4
13 10 10 8 9 12 13 20 6
11 6 6 10 16 18 16 16 2
8 3 6 8 20 20 16 14 6
6 3 4 6 20 31 14 8 8
6 2 5 6 20 23 11 14 18

13 7 6 7 14 15 11 15 12
15 8 9 7 14 18 10 13 6
15 12 10 5 6 14 11 23 4
16 14 10 8 5 10 5 30 2

16 13 10 8 6 9 6 30 ........--..
6 3 5 7 20 25 12 12 ...- ........-

13 8 8 7 12 16 11 20 .....-..........

Five-degree square, including Gulf of Maine, from pilot charts

Month Percentage of winds from the most
frequent quadrant Month Percentage of winds from the most

frequent quadrant

January •• •• • North to west, 63.
February ••••• . __•• North to west, 73.
March ._.__ North to west, 67.
April. _" "'__. North to west, 58.
May • ._••.• • West to south, 50.
June •• • •__ West to south, 45.

July • .._. __• West to south, 68.
August ._. West to south, 50.
September. __••• ._. Northeast to northwest, 49.
October•__._. •••_ North to west, 68.
November ••_._. North to west, 64.
December • .,._ North to west, 63.

These tables may be briefly summarized as follows:
Along the western and northern shores of the gulf the wind blows most often

between southwest and north in winter, averaging· about northwest. In summer
southwesterly and southerly winds prevail. On the eastern side of the gulf the
wind averages more westerly (south to northwest) in summer, northerly (between
northwest and northeast) in winter. Over the offshore waters of the gulf, where
the direction of the wind is' not so much influenced by the diurnal warming and
cooling of the land, the prevailing winds are between west and north (though with
requent reversals) from November to April; between west and south from June to
August; more variable in late spring and again in early autumn.

In summer, by theoretic expectation, winds of this character would tend to
produce a general drift of the surface water about 20° to 45° to the right of the
octant, north to northeast-i. e., toward the northeast and east. Thus, the prevail
ing winds favor the general drift out from the western side of the gulf and eastward
across the southern part of the basin toward Nova Scotia, which prevails at that
season (p. 974). Striking Nova Scotia, this wind current would tend to bank up
against the coast, raising the level of the sea slightly. Thereupon hydrostatic
forces are brought into play, dynamically, against the wind; but any resultant
movement of the water out from the land being in turn deflected to the right by the
earth's rotation, a northerly drift might be expected to result along Nova Scotia,
and in this instance theoretic expectation agrees so well with the drifts of bottles
actually 'recorded that the prevailing southwesterly winds of summer certainly
assist the surface drift from south to north, which characterizes the eastern side
of the gulf at that season, though as certainly not the only motive force for it.
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Thus, the wind then tends to act as a motive force for· the .southern and eastern
sides of the Gulf of Maine eddy.

It is obvious, however, that no matter how steadily the wind blew from the
southwest it could not drive the .entire surface of the gulf eastward unless the water
were nearly enough homogeneous to allow a. sinking current to develop in the eastern
side, with the deeper stratum so fed flowing back from east to west, to well up again,
in turn, in the western side. Circulation of this sort probably does take place
to some extent along the Nova Scotian side of the gulf, in the B.ayof Fundy, and
along the coast of Maine east of Mount Desert, where active tidal currents keep
.the water so thoroughly stirred that it has little stability at most times ofyear.
It is certain, also, that offshore winds do cause more or less upwelling along the
western shore line, but the basin of the gulf as a whole,with its western and north
western margins, is so stable vertically that hydrostatic forces very strongly oppose
any such "jibing," as Sandstrom (1919) terms it. Consequently, any constant
movement of the surface water northward toward the B.ay of Fundy would tend to
cause an "overflow" in the shape of a westerly drift along the coast of Maine-i.e.,
against the winds prevailing in summer.

It is obvious that if the water be. in stable equilibrium, southwesterly winds
might or might not set a closed circulation of this type in motion, depending on
their relative strengths and constancy in various parts of the gulf; depending, too,
on the balance in various parts of the gulf between the hydrostatic forces opposing
jibing and the tendency. of the wind to cause that process, as just explained.
To value these several factors will require a knowledge of the gulf and of its winds
much more intimate than can yet be claimed.. It is <:ertain that With winds reversed.
as often as they are over the gulf the balance varies constantly. However, the
preceding analysis does make it clear, I think, that any eddying circulation which
the southwesterly winds of summer might set up in the surface stratum of the gulf
would shortly assume· the anticlockwise character that, by evidence of ,more direct
sorts,does actually dominate its basin. Consequently, the summer winds parallel
the hydrostatic forces set in operation by regional inequalities of density in their
generaF effects to this extent.. On the other-hand, the current flowing southward
and out of the gulf past Nantucket Shoals, which forms part of the overflowfrom
the gulf, is at right angles to the potential wind drift, hence holds its dominant set
in spite of the prevailing wind. Neither can the wind beheld responsible for the
westerly drift of slope water along the continental edge in summer,becausethls
current sets directly against the drift which the prevailing southwesterly winds
would tend to produce there.

The wind current, as it extends its effects deeper and deeper below the surface,
will turn more and more to the right of the wind (losing, also, in· velocity bY'
geometric progression) ; also, with increasing. depth the gulf becomes more and more
nearly inclosed, so that any currents, however set in motion, are more and more
directed by the contour of the bottom.

The depth to which currents of wind origin do actually penetrate in. the Gulfo!
~ine is therefore of immediate interest. Unfortunately, no mathematical method
yet suggested can measure this, even approximately. However, i,t is certain that
the stable state of the water of most parts of the gulf ordinarily confines wind
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currents too. stratum much shoaler than the theoretic" frictional depth" as calculated
by Smith for homogeneous water at corresponding latitudes (p. 963);

With ana\l"eragewindstrength of 3 to 4, by the Beaufort scale (a fair average
from the gulf in summer), this depth is set by him as about 43 t() 70 meters at
latitudes 400 to 500~ It is not likely, however, that· the wind ever sets water as
stable as that of the western side of the gulf in motion half so deep as this during
the brief. periods when it blows steadily from anygiven direction ata strength as
great as 4; on the Beaufort scale (about 20 nautical miles per hour), during the
sunimermonths. With the more usual summer breezes no stronger than 10 to 15
miles per hour (2 to 3 on Beaufort scale), the frictional depth must be even smaller.
Frequent reversals of the wind direction, with periods of calm, also further hinder
the pr()pagation of wind currents downward into the underlying water. On the
whole,then, it is unlikely that wind currents are effective deeper than 10 to 20
meters in the gulf in summer, except perhaps during brief periods of windy weather.
Even if this limitation be too small it leads to the important conclusion that what
ever currents may be set up in the gulf in summer by the wind are confined to 8.

very thin superficial stratum, and that the dominant anticlockwise and estuarine
circulation of the deepwater below the 40 to 50 meter level is caused by hydro
static forces and by the tidal oscillations (p. 970).

The pulses of slope water into the gulf via the trough of the Eastern Channel
are equally independent of the wind.

In winter the winds of the gulf of Maine area blow stronger (average about 3 to
5 on the Beaufort scale), and the prevailing quarter is northwest (p. 966). Winds of
this character tend, theoretically, to drive the surface water of the whole gulf out to
the southward, toward the open sea. Probably it is this prevalence of strong off
shore winds all along the North American seaboard, from Chesapeake Bay to the
Gulf of .Maine, during the cold season, which is primarily responsible for the reces
sion of the tropical water from the edge of the continent during autumn and winter,
their cessation· allowing its inshore movement in summer. The prevailing north
west winds of winter tend, therefore, to strengthen the dominant southerly drift
·along the western side of the gulf. With the coast line trending north and south,
thedefl.ective effect of the earth's rotation gives a long-shore character to currents
caused· by winds from this quarter, except 80 close in to the land that the whole
depth-of water is less than the frictional depth. Under these last conditions (by
Ekman's calculation) the wind current will set more nearly with the wind than in
deeper water offshore. 97

Consequently, the prevailing winter winds from the northwest quadrant do not
tend to cause any general or constant upwelling along the coast sector from Cape
~nn toOape' Elizabeth except within 2 to 3 miles or so of the land, where the water
isshoaler than one..fourth the assumed frictional depth of· 50 meters. This is cor
roborated by our station data, but upwellings,..suchasare actually recorded (p. 588),
necessarily tend to follow these same west to north· winds along the north shore of
Massachusetts Bay.' This same tendency for water to well up from below must
operate spasmodically throughout the winter all along the coast of Maine, where

..,i Theoretically, 21.5~ to the right ot the wlttd.U the depth of water be o~e-fourth the frictional depth•.
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prevailing winds (and the strongest winds), between west andnOl'th, drive the
surface water offshore to the southward.

By this reasoning wind currents go far to explain the very interesting fact that
in April the freshening effect of the .spring freshets is so much more evident (in low.;.
ered salinity at the surface) along the coast sector west and south 'of. the Kennebec
than it is off Penobscot Bay (fig.10l). Thedischarges from the former,from the Saeo,
and from the Merrimac, driven southward by the prevailing northwesterly winds of
March and April, parallel the trend of the coast and so preserve the identity. of the
coastwise belt of low salinity. Off Penobscot Bay, however, the more or less active
upwelling that must follow this same southerly drift off this west-east coast line;
combined with tidal stirring, tends to prevent the development of so fresh a band

. next the land, but at the same time to carry the least saline water farther out from
the land. The distribution of salinity at the Rurface for March and April, 1920
(figs. 91 and 101), is of this sort.

It is probable that the development of a tail of very low salinity from the St.
John River southward across the Bay of Fundy in April (p. 808) similarly reflects Ii

southerly set caused by the northwest winds, which often blow strong there during
the first month of spring, though their average direction veers through west to
southwest during April.

The pool of low-surface salinity spreading out to the southwest from NOY&
Scotia, which appears On the surface chart for March, 1920 (p.703; :fig. 91), like
wise finds plausible explanation as a wind-driven drift out from the bays sQuth·of
Yarmouth, where northerly winds prevail in February (p. 966). .

The effects of the winter winds are more puzzling in the eastern side of the basin
of the gulf, where prevailing west-north winds tend to produce a southeasterly ot
southerly drift at the surface, but where the evidence of salinity and temperature
points to a movement in just the opposite direction-i. e., northerly toward the Bay
of Fundy in winter as well as in summer (p. 910).

It is evident here that although strong northerly winds may and no doubt do
temporarily drive the surface water southward, the general dominant drift is caused
not by the wind but by other forces (p. 976) strong enough to overcome the wind
effect in the long run. Consideration of the depth to which wind currents may be
set in motion corroborates this conclusion, because the frictional depth of the average
winter wind of about 4, on the Beaufort scale, is theoretically only about 67 meters.
Actually, the water of the eastern aide of the gulf not being homogeneous, the depth
of the wind current will be something less than this-perhaps 50 meters with the
state of stability prevailing in winter. The thicknessof the stratum which the wind
can set in motion at an appreciable rate is still less.

According to the long series of observations on win<\ and current that have been
carried out by the United States Coast and Geodetic Survey, the velocity of the wind
current is 1.5 to 2 per cent that of the wind-say, about 0.4 knot, with a wind. 0[4
(Bea~fort scale, 20 nautical miles per hour). Smith's table of theoretic velocities
(Smith, 1926, p. 46, Table 8), applied to a current of this strength with assumed
fri~tional depth of 50 meters, gives a residual current of only 0.2 knot at a depthof
10 meters, about 0.15 knot at 20 meters, and 0.07 knot at 30 meters. TheOretically
(in a free ocean), in the example just stated the current at .10 meters should set 36°
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to the right of the surface current, the water at 20 to 30 meters 72 0 and 108 0 t<J
the right of it, respectively.

This calculation shows that even in winter wind currents are virtually negligible
in the Gulf of Maine at depths greater than, say, 20 meters, and so weak at 10 to
15 meters that they can oppose but little resistance to hydrostatic forces or to tidal
oscillations (as deflected by the earth's rotation), which may tend to drive the water
in the opp.osite direction.

The general effect of the wind on the circulation of the gulf may be summarized
as follows: In summer the prevailing southerly~southwesterly winds tend to main
tain the anticlockwise circulation of the surface water, so far as they are effective at
all in producing a constant circulation. It is probable,also, that the easterly set
caused by the wind is chiefly responsible for the accumulation of the surface pool of
high temperature, though low salinity, in the offing of Massachusetts Bay, which is
characteristic of July and August. The outflow that takes place southward past
Cape Cod and over the eastern end of Georges Bank, however, is against the prevail
ing wind. In winter the prevalent northwesterly winds assist the southerly drift in
the western side of the gulf and are the chief cause for the wider dispersal of water
of low salinity off its northern shore than off the western, but the general movement
of water inward (northward) along the eastern branch of the basin is contrary to
the wind.

Winter as well as summer wind currents are confined to the upper 10 to 20
meters. Consequently the dominant circulation of the deeper strata does not receive
its motive power from this source. . .

HORIZONTAL TIDAL OSCILLATIONS AS DEFLECTED BY THE EARTH'S
ROTATION

Huntsman (1923, 192380, and 1924) recently has suggested that the tidal oscilla
tions deflected by the effect of the earth's rotation are the chief motive force for the
great eddies, anticlockwise and clockwise, that occupy the basins and circle about
the islands and submarine banks in high latitudes. In his own words (Huntsman,
1924, p. 278), "the rotation of the earth" acts" as an imperfect valve in diverting the
ebb and flood toward opposite sides of the channels and basins," thus causing a bal
ance of inflow on the one side, of outflow on the other.

That the earth's rotation must exert a deflective effect on the tidal currents is
beyond dispute. It is equally clear that if the oscillatory (back and forth) move
ment of ,the tides of any partially inclosed basin be altered by any agency into a
progressive forward movement,the current, like any other, will be held against the
right-hand bank in the northern hemisphere by the deflective force of the earth's
rotation, and thus circulate' anticlockwise, as Huntsman states. Furthermore, the
deflective effect of the earth's rotation as it affects the tidal oscillation, if effective
at all inthis respect, must be most definitely so in regions where tidal currents attain
considerable velocities at the strength of flood and ebb, as they do in the Gulf of
Maine.

Beyond stating this proposition and certain applications of it to definite regions,
Huntsman has not yet published any discussion of the dynamic principles involved,
nor am I able to give it the physical analysis necessary for its proof or disproof.
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However, there are certain grounds for concluding that Huntsman's theorem is prob
ably effective in basins sufficiently inclosed, and that if so, the tides and earth rota
tion combined must have an unceasing pumping effect, working season in and season
out on the following principle:

In the open sea, with no barrier to the free movement of the water, the rotation
of the earth will merely change the track of ebb and flood (if flowing back and forth
with equal velocity) from a right line to a closed ellipse; but in an inclosed basin,
open to the tides only at one side, the case becomes altered by the fact that when
the tide is flowing in the water is confined and prevented by the right-hand shore
from eddying to the right. Consequently, the band of water closest the land on that
side must either flow farther in, parallel to the coast, than it would if unconfined, or
it must rise higher against the bank. No doubt both results actually follow. When
the water neAt the land is so diverted from its normal path water farther out toward
the center of the basin is correspondingly prevented from eddying to the right.
Consequently, the effect of the shore line, in turning the flood tide to the left from
the track it would follow if free to flow in any direction, extends far out to sea from
the confining bank against which it presses. Under such circumstances the deflec
tive effect of the earth's rotation tends to transform what is fundamentally an
inshore current into a drift flowing into the basin in question, paralleling the
shore line.

In the opposite side of the basin, which lies to the left of the flood tide, setting
inward, this deflective force tends to turn the inflowing current away from the shore;
consequently, it is reasonable to assume that the flood will not flow as far inward as
it would otherwise. When the tide begins to ebb out of the basin conditions nat
urally are reversed, the ebb being driven against the coast, which is to the right of
it (but to the left for the flood), and so carried farther out, but turned away from
the side against which the flood was pressed as it flowed in.

The mobility of the water makes the picture exceedingly difficult to visualize or
to represent by any diagram, and very likely complicated by vertical movements
screwing forward, which I can not attempt to reconstruct; but as a net result it is
reasonable to expect the flood to flow in farther than the ebb makes out in that side
of the basin which is to the right of an inflowing current, and for the ebb to flow
out farther than the flood makes in, in the opposite side. With a differential of this
sort established an eddying movement would necessarily follow, forced to assume
anticlockwise form by the confining shore line, in pla~e of the clockwi~e character
which the rotation of the earth would give it if not so opposed by the coast line or
by the contour of the bottom. Translated into terms of the Gulf of Maine this
would call for a dominance of flood over ebb (hence a northerly component) in the
eastern side and a dominance of ebb over flood (i. e., a southerly component) in the
western, such as has actually been demonstrated by drift bottles and by measure
ments with current meters.

Tidal currents in the gulf of Maine, the reader will recall, run nearly as strong
right down to the bottom of the trough as they do at the surface. Consequently,
Georges Bank, confining the basin on the south, should act as a coast line toward
the deep tidal circulation, producing a west-east drift paralleling its northern slopes,
if tl1.e foregoing analysis be correct. Here, again, the theoretic expectation is actually
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reproduced by the drifts of bottles that have crossed the southern side of the gulf
from west toeast (p. 886), corroborating Huntsman's (19230., p. 18) conclusion that the
dominant circulation in basins of this sort is kept in motion by. the deep currents,
not by the movements of the surface water. The clockwise drifts, which have been
found to circle (or partly circle) several of the submerged banks (Georges, for
instance (p. 974), and Nantucket Shoals), are also equally good evidence of dominance
of the general circulatory scheme by the current flowing over the bottom, which the
banks deflect just as islands would.

SUMMARY OF THE HORIZONTAL, NONTIDAL CIRCULATION OF THE
GULF OF MAINE

The nontidal circulation of the Gulf of Maine (fig. 207) is essentially estuarine
in type, as might have been expected from the contour of its bottom as well as from
the trend of its coastline and from the large volume of fresh water discharged from
the rivers tributary to it. The very considerable outflow from the gulf takes place
at and near the surface-southward and westward past Nantucket Island and Shoals,
in part, but in part as a clockwise movement circling around the eastern part of
Georges Bank.

The evidence marshaled in the preceding pages-measurements with current
meters, drifts of bottles, temperatures, salinities, distribution of the plankton in the
superficial waters, and dynamics-can be harmonized with one type of doniinant
circulation only-a general anticlockwise eddy· around the basin of the gulf.
The demonstration of this, named by Huntsman (1924) arid by me the" Maine" or
"Gulf of Maine" eddy, with all it implies in its biological bearing, is perhaps the
most interesting result of the joint explorations of the gulf.

The circulatory features most clearly established within the gulf are as follows:
The eddying drift is operative throughout the year but differs in velocity, and

generally in detail, from season to season. It is also complicated by subsidiary eddy
ing movements in the Bay of Fundy, Massachusetts Bay, Vineyard Sound, around
Nantucket and Nantucket Shoals, and around and over Georges Bank, which are
clockwise around these shoals but anticlockwise in the bays and basins, as Huntsman
has shown to be the rule in northeastern American waters.

In the late summer and early autumn, when our information is the most exten
sive (fig. 207), the surface stratum of the inner part of the gulf eddies anticlockwise
around an {trea of high density, the precise location of which shifts, from summer to
summer, from the offing of the Bay of Fundy to a center in latitude about 43° to 43°
30', 60 to 70 miles southerly from Mount Desert Island.

The eastern side of the circling movement follows so definite a track northeast
ward and then northward, paralleling the coast of Nova Scotia, that at least 8 per.
cent of all the bottles yet put out in the gulf off Cape Ann and to the northward are
known to have followed this route, no doubt with others not reported for one reason
or another. The large number of bottles that have stranded on that coast shows a
strong tendency inshore. This Nova Scotian side of the Gulf of Maine eddy also
receives water in some volume from the dead zone off Cape Sable in summer, and
in some years a westerly drift past Cape Sable into the gulf of Maine persists from
spring through summer.



PHYSICAL OOEANOGRAPHY OF. THE GULF OF. :MAINE 973

A definiteindraft into the southern side of the Bay of Fundy along its Nova.
Scotian shore is sufficiently demonstrated. However, this involves only the outer
most edge of the Gulf of Maine eddy, the inner part of which continues northward
across the mouth of the bay, a route followed by some of the bottles.

FIG. 207.-Schematic representation of the dominant nontldal circulation of the gulf, July to August

Within the Bay of Fundy the water eddies inward along the Nova Scotian side,
out.ward along the New Brunswick side and to the southward of Grand Mana.n
Island. However, there is some evidence that the latter forms the vortex of a
second eddy of the opposite sort (clockwise) carrying water inward to the Bay of
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Fundy along the Grand Manan shore of the Grand Manan Channel, with still
another counter movement outward (westward) along the northern shore of the
channel.

Bottle drifts identify the coastal belt between the west end of the channel and
Petit Manan, some 35 miles to the westward, as to some extent a dead zone (p. 907)
intervening between the coast line and the inshore edge of the gulf of Maine eddy;
but the latter approaches close to the outer islands off Mount Desert.

In most summers the belt of surface water involved in the Gulf of Maine eddy
is much broader in the western side of the gulf than in the eastern, with the general
set more variable and its velocity smaller. As a rule a general tendency prevails
for the surface water to move out from the shore all along the coast from Penobscot
Bay to Cape Ann during July and August. Under these conditions a sellond dead
area develops off the mouth of Casco Bay, with the water generally setting in the
opposite direction (easterly or northeasterly) across it. A few miles farther out,
however, bottle drifts and dynamic contours unite to show a decidedly definite
continuation of the eddy southeastward and eastward across the basin, and so around
again to Nova Scotia, dominating this side of the gulf north of an imaginary line,
Cape Cod-Cape Sable.

This state is illustrated by the bottle drifts for 1922 and 1923 and by the dy
namic gradients for the summer of 1914. In other summers (typified by 1913 and
1919) the westerly and southerly component of the Gulf of Maine eddy parallels the
general trend of the coast line more closely as far as Cape Ann, even involving
Massachusetts Bay.os

Somewhere in the offing of Cape Cod a division takes. place between the outflow
out of the gulf to the south and an easterly drift along the northern side of Georges
Bank, the latter, as a whole, being the center of a clockwise system of circulation.
As far as longitude 68°, or thereabouts, this easterly drift parallels the neighboring
side of the Gulf of Maine eddy; but to the east of this there is a definite separation,
with the water next the bank drifting around the eastern edge of the latter and so
out of the gulf at considerable velocity, a fact made evident by bottle drifts as
weI! as by dynamic evidence. Some clockwise movement is also to be expected
around the shoal part of the bank; otherwise the latter is comparatively dead.

The bottle drifts, combined with current measurements, show the southerly
outflow from the western side of the gulf continuing around or across Nantucket
Shoals and so westward along the southern shores of New England and New York.

An easterly set has been found dominant in the entrance to Nantucket Sound,
between Nantucket and Monomoy, in the only summers of record, contributing to
the circling movement around Nantucket but not to the Gulf of Maine eddy. If
this condition prevails as constantly as now seems probable, the local circulation of
the water offers a reasonable explanation for the rather abrupt general division be
tween the waters west and east of Cape Cod, biologic as well as hydrographic.

Bottle drifts suggest that this easterly outflow from Nantucket Sound is given
off from the southern side of an anticlockwise type of circulation that involves the
sound as a whole; but the tidal currents run so strongly there that more informa
tion is needed before this can be stated positively.

II Vida the drifts of bottles from the Bay of Fundy to Cape Cod In 1919.
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In some summers, if not in all, the westerly drift just mentioned involves the
surface water across the whole breadth of the continental shelf in the offing of
Marthas Vineyard and Nantucket. This, however, can not be regarded as a direct
continuation of the outdraft from the gulf around the eastern end of Georges Bank.
On the contrary, the latter probably swings offshore to join in the easterly move
ment of the so-called "inner edge of the Gulf Stream."

The evidences of temperature, salinity, and of dynamic gradient unite to show
this "Gulf Stream " current departing from the edge of the continent as it crosses
the mouth of the gulf from west to east, so that while it may be encountered within
15 miles of the 200-meter contour line at longitude 69° to 70°, it is usually at .least
40 to 50 miles out at longitude 66°. Farther east, however, it again approaches the
slope, at least in some summers.

Our recent cruises have afforded no evidence of any movement across Georges
Bank from south to north, though the surface water not infrequently drifts northward
from the edge of the continent to the west of Nantucket Shoals during the late
summer.

The chief seasonal variations from the circulatory scheme just outlined result
during the autumn and winter from a shift in the heavy (" low") center of anticlock
wise circulation to the Eastern Channel, from a speeding up of the coastwise drift
around the northern and western shores in spring, and from the brief overflow of
the Nova Scotian current into the eastern side of the gulf at that same season.

As a result we find the circulation centering chiefly around the Eastern Channel
in March with velocities greatest as it drifts inward along the eastern side and out
ward along the western side of the latter. From March to April, however, the
center of circulation shifts northward across the basin; the movement slackens in
the southeastern part of the area, and the coastwise drift gathers strength. Shortly
thereafter, when the water of the Nova Scotian current floods into the gulf from
the east, the heavy center is shifted southwestward right across the gulf. At the
same time (in May) the northeast-southwest drift around the northern and western
coasts attains its highest velocity and its most definitely long-shore character, and
is most definitely continued southward past Cape Cod. It also involves Massa
chusetts Bay, not only crossing the mouth of the latter, but also skirting its coast
line from north to south, and so out again past Cape Cod. Under these circumstances
flotsam of any kind (buoyant fish eggs, for instance, or the larvre hatched therefrom)
that may drift from the north into the northern side of Massachusetts Bay, or
that may be produced there, tends to drift out of its southern side.

This long-shore movement (involving Massachusetts Bay) may continue, little
altered, into the summer; but some time between May and July the heavy center
again shifts eastward, and in some years, at least, this center becomes divided into
the two lows recorded for the summer of 1914-the one in the offing of the Bay
of Fundy, the other in the region of the Eastern Channel. This completes the
yearly cycle.

On the bottom the water moves inward along the eastern side of the Eastern
Channel during the early spring, and at other times of year in pulses not yet under
stood,usually outward along the western side. At depths of 150 meters, or deeper,
the general tendency within the basin is northward along the eastern (Nova Scotian)
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slope the year round, veering through west to southwest across the basin toward
the offing of Massachusetts Bay; and though variations in salinity and temperature
prove this drift intermittent, its stream track seems comparatively constant from
season to season during its periods of activity.

The correspondence between the dominant circulation of the gulf, as established
by direct evidence, and the dynamic gradient is close enough to show that the
former is essentially dynamic, set in motion by the regional inequalities in density,
but given its eddylike character by the confining effect of the bottom contour of
Georges Bank to the south.

Deflection of the horizontal tidal oscillations by the rotation of the earth simi
larly'tends to produce an anticlockwise movement around the basin of the gulf, and
with the effect of the wind consistent with this, the several motive forces are parallel,
in effect.

The westerly drift of slope water along the slope of the continent is also dynamic
in source, and available evidence suggests the same motive power for the" Gulf
Stream 11 drift abreast of the gulf.

TABLES OF TEMPERATURE, SALINITY, AND DENSITY

Temperature is in degrees Centigrade, salinity in parts per mille, and density is
at the temperature in situ but without correction for compression. The tables on
page 977, summarized from Ekman's (1910) table!) 2, 4, and 5, give a close enough
approximation to the latter for general purposes in. depths as small as those of the
Gulf of Maine. For computations involving the specific volume, Smith's (1926, p.
19) simplification of Hesselberg and Sverdrup's (1915) tables are to be preferred.

STANDARDS OF ACCURACY

The old type reversing thermometers used in 1912 and 1913 were accurate only
to within about ± 0.15° C., but with the instruments used subsequently for the
subsurface readings the probable error in temperature determination is less than
0.05° C. As the surface readings have often been taken under difficulties and by
various persons, accuracy is not claimed for them beyond about ±0.3° C.
• All the determinations of salinity, except some for the winter of 1925 (noted
below under the respective stations), have been by titration. So far as personal
and instrumental errors are concerned, the results are reHable considerably within
the requirements of the International Committee for the Exploration of the Sea
probably to ±0.03 per mille of salinity. However, as Giral (1926) has recently
emphasized, regional or seasonal variations in the relative proportions of the various
solutes in sea water, such as are known to occur, introduce another source of error,
which makes it unsafe to claim accuracy closer than about 0.05 per mille even for
waters as nearly uniform in their saline content as the Gulf of Maine probably is.

The accuracy of the calculated densities depends, of course, on that of the deter
minations of temperature and salinity on which they are based; and while errors in
these two may partially offset each other, they may, on the contrary, be cumulative,
Allowing as the probable range of errOr 0.05° and ±0.3 per mille, tlie probable error
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for the densities will 8.veragelessthan ±O.04 units when the salIDity has been deter
mined by titration. In the case of hydrometer readings, the probable error of the
densities will beabout±'0.1 unit.

All depths, whether originally recorded in meters or fathoms, are given in meters
in these tables. Tables 1, 2, and 3 show the compression of sea water as cOlldensed
from Ekman's (1910) tables 2, 4, and 5. 99 '

TABLE l.-Oorrectionof density for depth-water 0° and S8 in density (sp. gr. 1.0S8)

Depth, meters
Increase

In
density

Depth, meters
Increase

in
density

Depth, meters
Increase

in
density

Depth, meters
Increase

In
density

lO ._.:c _20 _
30 • • •__
40•. ._. • _
110._._. • _
60 • ._
70. c•• _

0.05 80__.1 _
.1090__• • _
.14 100 : _
.19 120__• _
.24 140•• •
.29 160 • _
.33 I 180 _

0.38
.43
.48
.57
.67
.76
.87

200 - •• _
2llO. • _
300 • _
400 _
500 •
600 •

0.97
1,20
1.42
1.93
2.40

2'~1

700 _
800 • • __.~_
900 _
1,000. • ••_
1,100 •• _
1,200 : ._._

3. 35
3.83
4.30
4.78
5.25
5. 72

T'+'BLE 2.-AdditionaZ corrections for compression at otlier temperature8

Add Subtraet

___D_ep_th .
I

I0~~~~~~~~~~~~~140~~I~~
110 0. 01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0. 01 0.02 0.02
100 _. 0.01 0.01 .01 .02 .02 .02 .02 .02 .02 .02 .02 .02 .02 .02 .02
200 . 0.01 0. 01 0.01 0.02 .02 .03 .03 .04 .04 .05 .05 .05 .06 .06 .07 .07 .07 .08 .08
800 .01 .01 .02 .02 .03 .04 .05 .06 .06 .07 .08 .08 .09 .00 .10 .10 _
'00 __• .01 .01 .02 .03 .04 .05 .06 .07 .08 .09 .10 .11 .12 .1~ .13~H _c • _
600 ._________________ .01 ; 01 .03 .04 .05 .07 .08 .09 .10 .11 .12 .14 .15 .15 .16 • •
eoo ;.___ .02 .02 .03 .05 .07 .08 .10 .11 .12 .14 .15 .16 .16 .18 • • •__ • _
700 .02 .02 .04 .06 .08 .10 .11 .13 .14 .16 .17 .19 .20 • • _
800 _. .______________ .02 .02 .05 .07 .09 .11 .13 .15 .16 .18 .20 • • - _
ilOO .03 .03 .05 .07 .10 .12 .14 .16 • Ill. .20 .22. _. ._--- _
1,000 • .03 .03 .06 .08 .11 .13 .16 • I! .20' .231.25 .': - • -, _
1,100 .03 .03 .06 .09 .12 .15 .17 .20 .22 • _
1,200. • •• 03 .03 .07 .10 .13 .16 .19 .22 • 24 __ ~ ~---- _

TABLE a.-Additional correction8 for compression at other densities

Density

Depth Subtract Add

100 -_.. _ • • _
200 .. • _
300. • • •• _
'00 ._-_-, _
600 ... •__
600. e ••_. • _

~:::::::::::::::::::::::::::::::::::::::::::
~OOO:::::::::::::::::::::::::::::::::::::::::1,100 • .__ .. . __• __

I, 200-",-.'-- ,-- -------.-•••------------ ._

22

0.01
.01
.02
.02
.03
.04
.04
.05
.06
.06
.07
.08

~ 24 25 ~ I ~ ~ 30

------------1---------
0: g~ -----O:iii- -..--(i.-iii" ::::::::::i:::::::::~ :::::::::: ::::::::::
.02 .01 .01 0. 01 1 •. . 0. 01
.02 .02 .01 .01 ._____ .01
.02 .02 .02 .01 .. •• .. .01
.03 .03 .02 .01' 0.01 0.01 .01
.04 .03 .02 .01 .01 .01 .01
.04 .03 .03 .02 .01 •. 01 .02
.05 .04 .03 .02 .01 .01 .02
.05 .04 .03 .02 .01 .01 .02
.06 .05 .04 .02 .01 .01 .02
.06 .05 .04 .03 .01 .01,03

.. Condensation of the tables entails employlng an average relationship between meters and declbars. Consequently, they
ars llCCI1111te only to ±21n the last decimal place. This, however, falls within the aoouraoy of observation andwlllBUffiee 'tor the
o onstmetlon of aU ordinary projections of density In water so shoal.
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TABl-E 4.-TemperatU~68,salinitieB, and de~,. " Grampus" "~ioM, 191':

Station Date,
1912 Position GenerallocaIlty

o 17. 78 82. 07 23.05
60 6.00 ••••-._•••••••••••••
64 32;66 126.·83

o 18. 33 31. 74 22; 68
18 9.66 •••••••••• -._••.•••'
64 4.61 ••••_. __•••••••••, ••
73 •••••••••• 32. 77 125. 97

110 4. 61 •••• .••••••••••••
118 32. 92 126.09

o 18. 89 _••••••••• _•••••••••
46 6.05 ••••, ••••••••••••, ••

o . 16. 28 31. 67 23. 23
49 6.17 ••••••••••••••_•••••
65 32. 57 125. 76

o 16. 11 31. 96 23. 46
18 . 6.28 •••• -•••••••••••••••
46 32.62 126.'10
49 ·'··'5.-i7' .•••,..••.......••••

22; 7131.62

31.92

~ - -- ~ ...

--··anS· -····2a~78

31.20 23. 29

----32~ii7· ""-26,'iii
32. 43 - 23. ~It

••..aa.-49- ····-26.-64
33.78 26. 77

17.78
7.39
4.61
4. 61
4.61

13.05
9.22
8.17
7,60
7.22

16.67
7.95

13.89
12. 00 ••••_"_,, •••••_••••
10.78
8. 72
7.44

13. 89
8.60
7.66
6. 89
6. 67

3~ 16.11 '·"82:80' ····iu.'70
40 ·····5'-7S' _._.•_.•••••••..••••
o 19.72 31.44 22. 22

91 4. 44 32. 84 26. 06

o 15.00 3L 92 23.64

~ ••••_::~:. ···'a2.-iii' ::::.:::::
65 6. 17 ••••, ••••••••••••' ••
82 4.61 ." •••••_••••••_."••

110 4. 61 32. 86 26. lJ4
146

0

ro........ 33.04 _•••••••••

13. 89 31. 92 . 23;8ll
146 4. 11 _•••••••••••••••••••

o 13. 89 31. 08 23. III
9 12. 89 _".""" ••••••••••

27 6.89 __•••••••••••••••, ••
46 6.28 ••••_•••••••••.•••••

o 14. 44 31.26 23.23
II 12. 60 ••••_••••• _•••••••••

18 10.78 ••_••_•••••.••••••••
37 7.50
65 6.89

o
9

18
27
37

o
37
65
73

.91

o
27
66
82

1~1

. ... . I
04 N. . '. .'
20 W. }Near Isles or Sboals .•••••••••••••••~••.•~••••••••••~•••_

. \

10015 luly 26 {~~

~

10001 luly 9 {~~ ~~. }Oft Gloueester •••••••••••••••••••_._••••••••••••••~ •••• {

.... ''''' ro {l: ::~. )0...d0'_.-...._._._.__._--._·-1
10003 ••• do•••• {~~. ~ ~. }7""mnes oft Cape Ann •••••••••••••••••••••••••••••••••• {

10005 lul~ 12. {g ~~. }3~ miles o1f Esstern Point, Gloucester•••••••••••••••••• {

10006 luly 13· {~~ :~. }Oft Boston ~arbor•••••••••••••••••••••••••••••••••••••• {

I
0

46
10007 luly 15 {~ ~~. }OftirillorCapeAnn•••••••••••••.••••••••••••••••••. _.... . ~

10008 luJy 16 {g :~~. }Nortb or Cape Ann•••••••••••••••.•_•••••••••••••. _•••• {

JOOO9 •••do •••• {g g~. }Oftinll or MerrImac River•••••••••••••••••••••••••••••• {

10011 luly 17 {~~

l0012b luly 23' {g' ~ ~'. }soutbeast from Isles or SbO~,•._ •.•••• , ••••••••••••••• {

10014 luly 24 {~ I~ ~'. }~fting or Kennebnnkport._ ••••••••••••_•••••••••••_._._. {

::~. }MW" ~C_ 00,.. •.•_•••_.__••••_ ••_ j
10016 luly 26 {:~ ~~ ~'. }Ne&r Seguin Islend--•••••••• -••••- ••"••••••••" ••••••••••l
1OO19luJy 29 {:~ ~~. lOfting or Casco Bey•••••"_._••••••••_.,.,•••••••••_•••• ~I
10021 . Ang. 2 {~ rg ~'. }Oft Monbegan Islend~ --•••••••••••••"••••••••••••••1
.... 1'''. , {g :: li'.~- dO.,. _ h.•••••_._••_._C••_.__• {

IAppro¢nllteonly.
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T A.BLE 4.-Temperaturu, salinities, anddensitiu, "Grampila" stotiOAli 1911:--Continl.led

Ststlon Dste,
1912 POsItiOD Depth TefJ:ra- Salinity Denslu-

---1---·1--------------1--------

.... • " {:I 11~. }oorC_. "'e- _,_.._.,_ -:.-!
10036 Aug. 20 {~ ~~. }omng of Machias. Me •__.~_••~•• ••••_•••_•••••••••1
10037 Aug. 21 {:: ~~ ~'. }Oft Frenchmans Bsy __• • ••_._. •• •__._.__•__ {

10038 ---110 •••• {: ~ ~'. }omng of Penobscot BSy•••••••••••• •• ••••••••__•__1

10039 Ang. 22 {:: ~l:: ~..._dO -·-··-·.------•••-··.··•••••••••••••·····.···.···-11

10034 Ang. 17 {~ ~~. }OraDd MsnsD Chsnnel, oft Campobello••_•••••••••_._~.

32.68

--"32,'oi- ---·-ii-.i

32.84 24. 85

-~--"""~,"'" .-"''''--,''.-

----34;M· -'---27:02
32.70 25.19

---'iii~82' ···--2fl.·.i
32. 51 24.3034. 13 __• .

----33~30' ---"26~36

32. 34 24. 26

----33~22- ·----26."iii

"'-3i~i3' ·····25~87

32. 66 24. 21

·-··~M- ·····ii."35
-"'33.·80' ····-26~6ii

32. 75 24. 28

17.78 32. 52 23. 41
8. 61 •••• _••••• _•••_••_••
7.33 •••••_•• ••_•••••
11.61
4.89

13. 33
9.56
9.56
9.11
8.22
7.89

13. 89
7.67

1~00
7.78
7.22
.6.28
6.00

I&. 00
10. 39
8.72
7.56
7.39
7.39
7.39
7.39

10.44
9.83
9.67
9.67
9.61

13.33
11.60
10.22
8.17
7.67

13.89

10.6
10.4 •• ••••• _.__ ._.__•
9.83 _._•• ._•• ,_.__•

~::r ---'ii~68- --···i5~22
10.00 __• •__• •__ ••••
9; 83 ._~ •.•~._._••_.
9.83 •••• •__••••

1g~ -'·-32:68- -"--25~2ii

10. 56 32. 57 25. 00
9,78 •••••• __•••__•••
9.78 ••••.• ••••__••__
9. 78 ••••_. __•••••••_•••.9.72 • ••• .

32.65 ~10

32.75 24.9811.399.56 _.__• •• __..•_•••••
8. 22 _. •••_ ".'_."_.'

~: ~l ----34.-ir -----26;8'
12.78 •••••_. •••_•••_.
10.60 __ • ••__ ._•• ..•
9.89 •••__._.__ .,••__ ••••

13.05 32. 32 24. 319. OS _••• __._.__._.__••_.
9.28 •••••- •..._ --•••- ••••9.011 ._.~. __• ••• •

9;05 32.95 ~52

13. 33 __••__•__.1_..__._.__
9. 4',· .~_•••_•• ~•••
8. 89 ••_••• • _•••• _
8.33 .•__• __•• ••_••••
7.11 33.37 26. 14

o
9

27
46·
64

o
18
37
65
64

o
27
46
64
82

o
18
37
65
73

101

o
118

o
46
91

137
183

o
18
37
65

101
146
183
219

o
18
46
73

101

o
18
37
55
73
82

3~'
110
146
183

o
18
37
o

37
55
73
91

3~ I
1~
146

~~. \...._"''"''''-__~..~'L.~ ..._.-~.-.~ .. [

:~. }Oermsn Bauk.__•••.•_•••••••• •__._._••_. __••~.__••__I
1

0

:g ~. }west of Lurcher Shoal-••_•••••••••_.__••••••_••-•••-.. tit
g: ~. }Near Mouut Desert Rook •__• .--.----.--- --••• { IJ

~~. }Oft MschlllS. Me ••••••••---.----•••-•••-•••----.---•••-1

tOO23 Ang. 7 {: ci~: }flBtts BSDk.-··••-·.·---••••-.--.·-.-••·-···.···...·-·•••1

.... .'" 8 III :: Il'. \-. M Pe_ '0,·····-··_···_·_····--·1
lOO2tl •••do ••__ {:: :g~. }....do _•••_•••• ••••••~__•••__ ._••••••_•••__ •••• _••~._ {

~~. }South of Mount Desert Islaud••__•••_••_•••_~.:••••••_••110027 Ang. 14 {:

10029 do ._•• {~

{
4410033 ••_do .--- 67

10032 Aug. 16 {~~
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TABLE 4.-Temperatur6S, sidinitissi and demitie8, II Grampua" Btatiom,1q1S-Continued

Statton Date,
1912 Position General lOcality Depth 'f~~SaUnlty Density

I---.I----·I---------'-----'--------'---I·~~---------

10044 Aug. 31 {~

10045 _••do _ •• {~

10046
•- .do "'-l{~~

10047 1 Nov. 20 {~~

.. I

. 10041 Aug. 24 {~ ~ ~'. }Oft Isles of Shoals•••••••••••••••••••••••••••••••••_ •••• {

........... {:l l!~. }o.....-- c.,. c..··_···_····_·_·····_·1
~ ~'. }M8888Chusetta Bay, north of Cape Cod••••••••••••_••••• {

~ ~'. }Mouth of M8888Chusetta Bay_••••••••••_•••••••••••••~. {

~ ~'. }M8888Chusetta Bay oft Glouoester••••••••••••••••••••••• {

~ ~'. }7 mUes south (true) from Gloucester harbor mouth_•••~ {

10lM81 Deo. 4 {~ ~ ~'. }••••dO _•••••••••••••••••_•••••••_•••••••••••••••••••_••• {

100491 Deo. 23 {~~ :: ~'. }•.•••d~ ••••••••""••••"."•••••••••••••••••••••••_ •• ".'-' {

0 16.11 32. (IT 23.54
146 4. 61 - ........- ........ ........._-----

0 15.56 32.39 23.89
37 10. 50 "--li3:i6' ""'26:"8373 8.05

110 5.56 ....................... .._- ... ----_....
146 5.17 --"33.-'69' -·"26:"64174 5.17

0 14. 44 32.03 23.84
18 11.50 ........._.......... --- ..- ............
37 7.72 ····a2,-62' "·"26:"4755 &.83

0 16.11 31.92 23.42
37 .8. 72 .. -_......_--- ... ........- ...........
55 7.17 ""a2,'S9' ·""26:"8873 6.17

0 16.11 31.67 23.22
55 6.83 32.56 25.54

0 9.17 32.57 25. 21
46 9.00 32. 57 25. 24
62 9.00 32.66 25.30

0 8.11 32.56 25.36
46 7.83 32.56 25.40
70 7.83 32.61 25.45

0 6.95 32.74 25.66
42 6.95 32.75 25.68
70 6.95 32. 75 26.68

1 Stations ocouple<1 by steamer B1uewlng.

TABLE 5:-Temperat'Urss and Balinitiu, MaBBach'U8etta Bay to Georges Bank, April; 1013

Date Latitude 1~~' Depth, 'l'empar· SaUnlty
meters ature

----------------1---1--------
o I

33.22
33.21
33.33
33.22

....._.... 33. 38

t.is }- .
31.61
32.29
33.13
33.25
33.16
33.21

(j .._•..- ••_.
o 6.7}

46 6.1
o
o
o
o

128
o
o
o
g....Ti..

64 6.7

67 18
67 18 {
66 45
67 01
67 12
67 28 {
70 45
70 10
69 21
68 45
6820 {

41 47
41 37
41 52
42 03
4208
42 14
4220
4208
41 48
41 34
41 27

Apr. 11•••••••••••••••••••• __•••••••••••_._ ••••_._••_•••••••••••••_••••••••••
I4•••~••••••••••_••••••••••••••••_•••••••••• ••••__•••••••••••••••••••

!i::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
15••••_. •• ••••••••••_••_•••••••••••••••••••••••••••••••••••••__••_

. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
27•••••••••_•••_••••__ ••••••••••••••••••••••••••••••••••_•••••••••_•••••

TABLE 6.-0bBervations by W. W. Welsh, April and May, 1913

Sta·
tlon Date Position General locality

-~-I---------I-----------~-----·I-----------

1 Mar. 19 {42 3IN. }ou Gloucester_•••_••••••••••••••••_••••••••••••••••••••••• { 0 3.90 33.01 26.23
70 29 W. 88 3.90 33.17 26.36

2 {42 35 N. }_~••do ••••-_••••______•••••____ •••••••__•••••••••••••••• { 0 3.95 82.84 26.10
70 28 W. 119 3. 78 33.17 26.37

4 {~
51 N. }Oft Merrimac Rlver_ •••••••••••• ___•••••••••••_•••••_._••• 0 4.00 32. 61 26.912OW.
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TABLE 6.~Ob8ertlatiombyW.W. WeZ81, April and Ma1l,191S-Continued

981

Sta- Date PosltloD OeDerallocalltY Depth Tempera; SallDlty DeDtilty
tloD ture

~~-~~----
0 ,

{43 12 N. }Neal Boon Island••_•••__________• ________••___• ___._._____ { O. 3.50 32. 46, 26.1IlI
6 Mar. 29 \70 26 W. 31 3.72 32.83 26.11

64 3.83 32.99 26.~

7 Apr. 4. {n 13 N. }••__do _________•._••••_••_.__•____ •••__ •____• ______________
0 3.90 32. 77 26.0424 W.

}_.__dO ____•••__••___•••__•••~ __•__••_._•••__._••_••_.______ {
0 3.90 32. 74 26.02

8 Apr. 6 e 10 N. 26 3.78 32. 81 26.09
70 28 W. 61 3.90 33.04 26.26

69 33.04 26.26

e3 24 N. }Oft Wood IslaDd_____________ •• ______ •____•________________ { ~ 3.83 29.57 23•.40
9 Apr; 9 70 2OW. 16 3.95 30.79 24.46

33 4.05 31.00 24.63

{43 23 N. }••__do __•________ •___ ._••_________________.--------. ____••__ { 0 3.« 26.74 21.30
10 Apr. 10 70 21 W. 18 4.05 31.80 26.20

38 4.00 32.52 26.84

{42 57 N. }Near Isles of Shoals._••__________•••____••_____._•••••__ •___ { 0 4.50 31.56 26.03
11 Apr. 13 70 311 W. 18 4.11 32.43 26. 76

37 4.05 32.66 26.94

{n 18 N. }Oft Cape Porpollle ___._•••_.___ •__• __••_____ •_________ { 0 4.66 29.13 23.09
12 Apr. 14 26 W. 18 4.17 31.92 26.36

37 3.90 32.47 25.81

{42 55 N. ~Near Isles of Shoals.____•__._•••_._______•••_._..____._._____ {
0 6. 05 30.66 24.26

13 Apr. 16 70 41 W. 20 4. 67 31.47 24.116
56 4.05 32.52 26.83

{42 50 N. }Oft Merrlll:i8C Rlver._____•••___ .'.;.••·•__.~_;. •••___."._______ {
0 6.00 30.79 24.37

14 Apr. 18 70 41,W. 18,' 4.72 30.97 24.M
44 4.06 32.47 25.79

15 Apr. 20 {42 56N. }Oft Hampton••__._••••_••_•__• __._._••_••••••••••__•••••_._ 0 4. 67 31.1170 45 W. ... _---':'"...-
142 55 N. }Near Isles of Shoals _______•__••_.__•_______• _ ••______"••--- {

0 4.83 31.43 24.89
16 Apr. 22 \70 37 W. 18 4.44 31.71 25.16

46 4.05 32.80 26.05

/42 69 N. }_____do___• _________________• ___________• ____________ •___•___ { 0 5.11 30.93 24.47
17 Apr. 23 \70 39 W. 11 4.67 31. 63 24.98

27 4. 05 82.66 26.86

43 12N. }Neal Boon Island ___________ •_________••______•_____~"-----. {. 0 6-67 31.76 24.94
18 Apr. 25 70 27W. 27 4,06 32.46 26.78

66 4..06 32.66 26,'lM

{43 00 N. }Neal Isles of Shoals _______ ._____••___• ______________________ { 0 7.95 30.03 23.40
19 Apr. 26 70 35 W. 27 4.00 32.46 25, 78

64 4.00 32.74 26-01

{n 02 N. }.____dO_______•____• _____ ._____________________... ____••______ { 0 7.11 31.51 24.69
20 Apr. 29 35 W. 27 4.06 32.33 25.68. 64 4.00 32. 72 26-00

21 May 1 {42 57 N. ____.do___________._.__•__• ___•••••_.........._._.__•••_. ",_,_ { 0 6.66 30.66 24.08
70 38W. 4lI 4.05 32. 4lI 25.80

22 May 2 {42 57 N. }._.__dO______________••_. ____ ._._.______• _________._•••••_.__ '0 7.22 30.64 23.9970 4OW.

{42 MN. }Oft Hampton______ •__________•___• ____________ ._••_••••_____ { 0 8.11 29.92 23.31
23 May 3 70 42 W. 20 6.00 31.66 24.87

46 4.05 32. 49 26.80

{g MN. }.__••dO••__.•____•_____•••__••_.____ ._~_______ •___•__•••______ { 0 9.05 29.114 22.87
24 May 5" 42W. 22 6.17 31.95 25:27

4lI 4.11 32.60 26.81

25 May 6 {g 66 N. }_____do•_____• ___•__••. ___• _•••__• ..,.•••_.______••___• ___•••__~ 0 9.78 29.60 22.60
41 W. 46 4.11 32.52 26.83

_____do_____••_______••••••_••••_____••_._••"••---._---••• ~ 0 8.22 29.93 23.211

26 May 8 {g 66 N, 9 7.33 ...,..----_.... ------._-
41 W. 18 6.44 00 __""_-••-- ..-_ ....._......

44 4.17 U.30 26.66
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TABLJil 6.-0b8ervati()ftl/ byW. W. Welsh, April and May, 1913-Continued

---1----1------------------1------------

Sta
ttC!n Date Position Generallocalltr Depth Te=ra- Sallnlty:qellSlty

'.l1 May 10 {~

28 May 12 e2
70

29 May 13 e2
70

30 'May 14 f~

31 May 16 {~

32 May 17 {'2
70

30.94
82.39

30.95
31.26

7. 56 30. 44 23.79

t ~ --·-3~46· "--26.78
7.17 30. 73 24. 06

5. 67 .'--:ii-is- ::::::::::
30.88 24.16

--":ii-iS- ·····25:"67
30. 50 23. 76
82. 62 __,, ,,_

25.88

24.09
26. 62

24.00
24.46

8.50
7.28

7.28
5.33
4.22

8.11
5.28
4.39

8.17

o
20
40

o
18
37

o
22
44

o
27
53

o
48

o
16

. ,
:~: }Oft Hampton__•• ••••• ••• • ._. , •. {

:~: }_._._dO . .. ...._.....__.._.. ' ""_."'__'" _.._{

: ~:, }__••_do ~.-.-••-----.------------•••-.--~••-.----•••• {

gg~: }Near Isles or Shoals _. • •__••• {

~ ~: }Oft Hampton._•••••• •••_••••••••••• ._. {

~~: }North side, Massachussetts Bay, oft Bakers Island ••• {

TABLE 7.-H Gramp'UlJ" stations, 1913

Station Date Position General locality Depth Temper· Salinity Densityature
---------. ,

"
IootiOl {~ 26 gg ~; }7 UlUeuoutll (tl1le) flom Glouceat.8r HarbormOllth.. {

0 5. 39 32.81 25. 91
lan. 16 ~ 5.28 32.86 26.93

40 70 lUI 32. 94 26.99

{'2 33 00 N. }4 mUes south (tI1le) from Glouceater Harbor mouth_ {
0 4.72 32.lil! 25.79

10051 1 lan. 30 70 41 00 W. 18 4.83
"--:i2~82-35 5. 39 25.93

{~
43 00 N. }IPSWICh Bay ••••____________•__•••_••_.______~ ___._. { 0 4.61 32.20 26.62

lOO62 1 __ .do __._
39 00 W. 15 4.83

-"':i2~OO' ····-26.-9933 5.33

{~ 37 00 N. }4 mUes south, 70· east, rrom Cape Ann ••__._.____._ { 0 2.83
~~

28.19
10063 1 Feb. 13 ~ 2.78 26.20

30 00 W. 82 3.11 32.84 28.18

4 (42 33 30 N. }6 mUes south, 32· eest, rrom Thatchers Island••••__ {
0 2.89 32.86 28.20

100M 1 Mar. 30 OOW. 46 3.05 32.96 26.27
70 82 3.61 33.04 28.29

}._.,~..._._.__........._._...._.-_..-! 0 4.05 32.32 25.68
18 4.05 ---_ ............ ---.. --_.......

100661 Apr. 3 {42 33 00 N. 37 4. 05
-·--iS~o:i- -"--26.-24

70 30 00 W. 46
66 "-'Too'

-"'33~i2' -"'-26.-3277 3.95

lQOMI Apr. 14 {'2 33 00 N. }2 mlles BOuth from Gloucester Harbor mouth ••••__•• { 0 5.56 31.11 24.56
70 39 30 W. 46 4.11 32.79 28.05

}Oft northern Cape Cod_••••••••_•• ______ ••-.-- -----~I 0 16.11 31.90 23.43

8 (42 06 00 N. 18 10.33 31.07 24.M
10057 luly

56 00 W. 37 5.89 32.48 26.69
69 55 32. 70

73 5.11 32. 68 "-"2a~84

}olllng or southern Cape C04 •___•__:_:_••_______ ._•• {
0 17.22 32.40 23. sa

10068 ___do ••;_ {4I 47 00 N. 65 6.05 33.10 26.18
69 10 00 W. 110 4.78 33.311 26.40

165 11.17 33.36 26-38

9 {~ 06 00 N. }Northwest part of Georges Bank•••••• _____c_.__ •___ {
0 13.33 33.06 24.93

10059 luIy 42 00 W; 27 12.61 33.07 24. 99
55 12. 61 33.13 25.04

{~
41 gg ~'. }6 mUes northeast of Nantucket Llghtshlp_._•••_•••••_{

0 16-11 32-63 23.94
10060 _._do ••__

33
18 14.11 32.68 24.40
46 10.17 33.04 25.41

1 Stations occupied by steamer Bluewlng.
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Station Date Oenerjli!. Jollatltl' ' .

-----,----·I-------------I--~---·--

- ..."" ~.. {:l :: :::~.}w..... ,.'"~0""';' •.:.....··_·····__···.··1

lOOl16 •__do {: ~ ~ W. }oerman Bank. • {

I Approximately

0 20.00 33.41 23.M
46 8,83 33. 51 26.00
91 8.50 33.62 ~.14

0 19.44 82.86 23.42
37 7.89 33.04 26.77
73 6.44 83.44 26.28

0 ,l~~ 32.06 23.16
18 32.47 25,61
48 5.83 32.56 25.86

0 17.11 32.09 23.30
18 11.72 32.23 24.51
37 6.66 32.52 26.64
65 6.28 32.52 23;68
73 6.22 32.52 26.59

0 16.67 32.09 23,~1
18 10.78 -- ........._-.
37 ·----il:ii&" 32.68 -- ..-------
46 ----32:77- -----25~9i91 6.17

128 5.17 32.75. 26.90

0 19.'t7 32.21 22.91
46 7.72

--"33~i7" ----·26:=91 6.17
183 6.28 33.87 26.116
114 6. 33 34.11 26.96

0 16. 39 32.52 23.88
18 12.06 --.- '25.'8646 6.67 32.95
91 6.67 83.26 26.10

183 5.12 33.46 26.46

0 16.11 32.56 23.91
18 11.17 -----25:'83
46 6.78 32. 92
91 6.39 33.21 26.11

183 6.61 33.84 26.57

0 16.11 32.47 23.84
18 14•. 50 32.57 24.22
46 8.61 -----_ .......... --_.. --- ...._-
91 6.72 ----33.-40- ----i2~2ii110

0 16. 67 32. 69 24.01

18 { 11.44 }---~---;-- -_ ....------9.22
'46 6.22 33.10 26.04

73-82 5.56
----3~28· ---"~2391 5.83

183 6.11 33.91 26. 70
238 6.06 34.14 26.81

0 15. 83 32. 61 23.Gli
18 '14;50 -._.. ------ -_.....-----
37 10.67 ----32.-95- --_.. -- ......-..
65 ........ ----..-
91 5.116

----i~6ii110 --"-5:39- 33.68
137 ---ariii" ---"26~86219 5.89

0 8.89 32.75 25.46
18 8. 33

----33~0i- --·-~25.'6937
46 8. 33 ----3iij- ·---iij;'ii.73 -----S."i7·91

'~-~ai~'6r ~~:- '26,-32113 7.17

0 8.89 32.76 25. 43
9 8. 78 ----32.-92' -----25:0018 8.67

65 8.56 32. 94 25.69

o .. :, ~ . "

')

lOOli3 Aug. 12 {~~ ~ ~~. }EaSt side or basin 011 Oerman Bank_ • ... _

10092 __ .qo {:¥ ..~ ~~. }Basln In oMng or Mount Desert Bock. •• _

10062.
___do ___• m29

29

10085 Aug; 4 {41 39
69 ~

10086 Aug. 6 {~ flO
00

~ ~". }Otllng or Martbas Vlneyard {

~W..,}o~ Chatham, Cape Ood._" ~_. ~ ."_••__ {

~~: }01!nortbern Cape Cod~ same localltY811 No. ~00Ii7,-I

..., A.. '{:l :l :::~.}M~lh~M- ••~: ..o-~··-··1

10088 do {~~ : ~~. }Basln In otllng or Cape Ann . .1

10089 Aug. 10 {~ ~ ~~. }52 mUes soutbeasterly from Cape ElIzabeth. • 1

ooסס1 _._do {~ ~. ~ W. }Near Csshes Ledge. • __ .•• ._. j
10091. Aug, 11 ~ ~ :::~.}OMng or Penobscot BSy. • • j

10001 lu1y Ii> {: ~ ~~. ContlnentaledgeS.8·E.NantucketBhoalsLI~btshl~_{
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TABLE 7......u (hampm'" .fationB. tglS-<Jontinued

Sta~loll Date Position GenerB110eaUty Depth T~' Salinity Dll1IS1ty

'----I~-----I------------------I·-----------

- ... ~ {:I ~ ::g'~ }OaL""""·.....··-··-··-·-----·----·--·----·-l

IftNW An".. '1·3 {~ 2131 00 N. }N th t d f"··'-·-Ba f"" d" .\""". .... u. 00 w. or eu en .0 _WL yo .. un y••~--- .. -._•••.

o 12. 22 32. 75 24. 81l
18 10.1lIl •••••.•' __ ._•••--•••
46 1l,67 ~•••_••_._ ...__._•• ~.
55 •__._..... 33.42 •••• •••
91 8.44 ••••• __••••••• ••

110 •••••J._.. 33.39 •••••__•••
119 6.11 _"""'" •••••_•••_

o 12. 78 32. 71l 24. 80
18 . 11.67 ••__._••••••••---_••
Il6 •••• .__ 32. 77 ••••••••~.

~l ~~ ""3"'09' ····-26:86
o 10. 28 32. 47 25. 01
~ \l.u ""32.'69' ••••-.-•••
68 ----'9:06- 32.10 ""'U:6i
o 12.78 32. 38 24. 3\l

37 \l. 33 32. 61 25. 33

o 12.78 32.75 24.67

~~ 10.11 --'-32.'95' ::::::::::
t1 --··T~· --"33:28' ""-U:98

183 6. 22 33.87 26. 6Il

o 11.95 32. 68 24.83

~~ 10. 11 "-'32~ii2' ::::::::::
~~ -'''I~-""33.-26- ···--25:88
o 16.11 32. 28 2S.81l

18 9.1l6 ,_.,_,.__, •••• .,.
37 •••__... 32.66 .~••_••__
46 8. 72 •••• __._._ ""_'_'"
91 7.44 •••••• •••• _••__•

128 '_"'_"__ 33. 17 '26.20
137 1l.89 •••••••••_ •••••• •

o 16. 11 31. 83 2S. 3Il
18 11.311 •••• •••••••••••_.
37 ......__•••_ 32.63 •••• __....
46 8.01l •••• ••••••••~•••_
91 6.72 32. 83 25. 76

o 17. 22 31. 8Il 23. 14
18 9.61 ......_._••••••- ••••
37 •••• ••_ 32.1l7 •••• ••
46 7.33 •••• •••••• ••,
91 1l.1lO 33.06 26.10

l:g ····-4."'33- ••••~:~~_ ::::::::::
o 17.78 32. 09 23. 18

18 9.83 •••••••_._ •••••_••••
46 6. 81l •••_._._•••••••_.__•
IlIl ._•• ._. 32. 66 ••••••__••
91 1l.33 •••• ••••• __•__•

110 4. 61 32. 74 2/l. 915

o 16. 11 32. 16 23.1l1l
27 9. 17 32. 41 25. 08
69 6. 72 32.1l7 2/l.1l6

o 2Q. 83 34. 00 24. 02

~ l~ ~ "'-34.'83' '-"-u:7i
110 til, 44 35.17 26. 02

00 N } f00 vi.' TrOU,h west of 1eftreya LedP. oft Boon IslBnd••••••

l
::g~. }T_.... "'-""'" oft , ..------.-.1
00 N. }Mouth of MassBChusetts Bay. 6 mUes oft Gloucester {
00 W. Harbor mouth.

~~. }01DDg of Marthas Vineyard. 60 mlles••••••••_._.__• {

10099 •••do_._. {~ 08
10

10100 •••do••••• {~
112
58

10101 Aug. 14 {: «
44

10102 •••do••••• {: 34
13

10103 •••do•••••e3 32
61l IlIl

10104 Aug. 15 {~
08
06

10098 •••do_•••• {~ ~ ~ ~".' }Oft Machias, Me••••••••••••_••••_•••__••_••••••__••• {

00 N. }4 mtles west of Great Duck Island. oft Mount {
00 W. Desert.

::g~. loaM=."""' --------------.-----_.. /

::g~. Jo-" Bo,.._•• ••__• .----~

::g 1I'.}~_s E _ ...... LlahL.__• (

~ ~: }Oftcasco Bay.•__••••••••••__••••_._•••••••••:~.-.-.1

10105 ••• do_••• (42 48
70 27

10106 Aug. 20 (42 29
\70 37

'10112 Aug. 22 40 17
\70 117

• Approximately
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TABLE 8.-If Grampua" IItationa, 1914

Station Date Position Generallotallt,. Depth T~ra- Salltilty Denslt,.

----I---~I---~-~---------~~--I·-----------

{
42

10224 ••_do ---- 66

10220 luI)' 22 {~

10228 luly 2a {~

10221 • __do • {~

0 10. 83 31.17 22.«1
20 9.06 ----32:34- ....._---.._..
40 5. 38 -----26:"0&100 3.97 32. 74

120 ----T4i" 32.95 .................--
130 .....---- ........... ............-..-.

0 17.5 31.80 23.12
20 15.75 ----32:26- --·--25.-2440 7. 25

100 4. 22 32. 92 26.13
150 5.12 33.28 .'---26.-44190 5.53 33. 411

0 16. 68 32.09 23.53
2ll 12.24 --_o32:si" "---2&:io40 10-43
70 9.62 32.88 25.38

0 1& 60 33.10 ~87
20 13.90 ~_ ..._..........-............_---
40 13.04 33. 58 25.30
70 10.64 34.88 26. 76

0 17.3 32. 74 23.82
20 10- 64 ----83.-00- -----26:'oi40 11.15

100 11;·80- -'--3&:23- -----27.-Oi150 10.63

0 20-48 34. 42 24.37
40 17.70 36.04 26.16

100 14.87 35.82 26.66
200 10.85 35.32 -----27:07300 9.46 lUi. 14
400 -----6:'26- 34.96 '----27:&0500 34.90

0 1& 90 33.55 23.68
20 ·17.33 - ....._---_.... .._.._--- ....-
40 16.00 ·---34:66- -----26:'6690 10;28

0 111.98 33.82 23.94
40 15.35 34.97 25.89

100 11;20 35.23 26.93
200 &18 35.01 27.27
300 6.90 34.94 27.41
400 8;55 34.87 27.52
500 5.02' 34. 87 27.59

0 16. 50 32.74 24.05
40 16.18 34.78 25.82

100 12.00 35.16 26. 74
Ifill 1(1~78 35.25 27.03

0 14.67 32.48 24.28
90 &98 34.18 26.50

0 18.33· 82.59 24.57
20 10.86' 32.63 24.97
40 &00 32.78 25.41
75 7.92 33.03 25. 76

0 lL 11 32.47 24.84
30 10- 76 32.54 24.92
55 10_78 32.61 24.97

0 15.28 32.16 23.81
40 10.00 33.17 25. 54

100 9.53 34.69 26.80
150 9.33 35.05 27.12
200 &40 35.08 27.29
250 7.93 35.08 27.36

0 111:28 .32. 26. ·ft:40 12. 60 .• 32.34
85 6.60 33.03 25.94

""'. ...d';_.{:: 11 1:'. }""-port " """.-,,""'........._ .....- (

10!12G lul,.24 {: •.••.~~. }Northeast edge of Georges Banll: .._.. .• {

..q '''''''' {:l :: ~'. oaN;""''''' _.,·.,,, _..__ ·_·_.-1

.... _ _ {:l ::~: }~ c _ c _ _. [

10215 lul,.:10 {~ ,l: ~'. }liorthwest Part. GeoJ'$88Bank -------------------. {

10216 _._do. {~ ~~. }southwest Part. Georges BllDk {

10217 lQ1)' 21 {~ ~ ~'. }southwest slope. Georges Bank. • " "_1

.............. {~::: ~. Do~-'" ......- ...."'''-•..._·--··1
10219 • __do {~ "~. ~'. }Southern slope of Georges Bank " .-.---. {

~~: }c __"'o !
~ ~. I}South~ast slope of Georges Bank • • . {

10222 dO {~ .~~. }Southeast edge of Georges Bank • •••_•• {

~~. }southeast part of Geol1leB Bank ._•••• •.•••• {

~~. }Northeast part of Georges Banlt_. ._~~__ • • {
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Statlop Date POsition General io(lallty, Depth Te~~ra- 8a1lnl.ty ~Ib'

---1----11----------------1---1-----,-,----,-
32.47 24.06
33.04 25.M
34.18 26.90
34.78 'Z1.00
34. 99 27.U
35.03 'Z1.47

32.20 23.90
33.40 25.99
34.25 26.63

32.01 24.39
32. 38 25.48
32.92 26.93

31.47 U.17
32.07 25;56
32.34 26.77

31.62 24.85
31.98 25.69
32.20 25.71

31.26 32.12
31.74 25.23
32.88 --- .. --- ...-
33.64 26.54

32. 84 25. 28
32.86 26.36
32. 90 25.39

32. 62 24.20
33. 42 25. 83
33.87 26. 29
34.11 26. 61

33.06 24. 61
33. '3/j 25.95
33.67 26.41
34.05 26. 68
34.47 26. 85

32.62 24. 96

----32.-84- .--. '24,-47

32.65 24.52
32.97 25.63
33.51 26.24
33. 64 ·26.49
34. 49 26. 84

31.91 23.06
32. 74 25.74
33. 06 26•.12
33.M 26.41
33.48 26.41

32. 52 24. 48
32. 92 25.67
33.24, 26.04
33. 39 26. 'Z1

17.50
6.38
6•.31
6M
6.83

13. 05
8.59
7•.04
6.26

It.'44
9. 44
8.76
8. 54

14.44
&.35
6.28
7.58
&.17
Li

10.44
8.97
&.88

13.33
8. 45
7•. 18
6.'04
8. 34

14. 72
8. 35
8.60

11.44
6.17
5.96

10.28
3.03,
3.14

6.62
L81

t~}
15. 00

tH ~5.55
6. 76

16.95 31.22 22.86
7, 34 32. 96 25. 80
?; 69 34. 16 26. 69

~: ~~ ----34:00- -••- i7:iii
6. 30 34. 92 27.~
4. 98 34. 83 'Z1.67

/~:~r .~Uf ~~
3. 61 31. 98 26. 46

10.00
9.64
9.. 60 ,

16.11
9.30
S. 91
8.80.
7.15
6.95

o
40

100
200
300
400
500

. O·
'30
66

o
40

100
1110
220

o
40

100
145

o
40

100
150
190

o
30
00

o
40

100
.1IiO·
190

o
40
80

130
170
220

o
40
86,'
0'

40
100

o
30,
60

o
30,

5O{

}_~-dO-----------'----------------'-'----"!. :: !.

~~. }....... c........ _ .......... __,-.1
.~,~. }Browns BIIIlk._•• •__•__ •• ••_._•• __~- •• -.--.------ {

~ ~. }Northern Channel ••_._••••__•__• •• {

~.~. }Oftlngol Cape 8able••• ••_.__c_·._.c ••~__._~ •• '.__._ {"

o
30
M

10245 __ .do .--- {: :~~. }west of Lurcher Shoal_.__._._••__•••• ••_._•• • { i
120

10246 do,-.-- {~_ g~. }~asln~ oftlng of Machias, Me·-~··--·-·-·-.-·-···-----·l .

---do ~-- {:1 ::~. }__do_ -------------------------:-------------1
10243 A\1i. 11 {~j~~. }Oftlng,Of Cape 8able_. • •__• • ~__• • {

10233

10232 July 28 {6443 12 N.27 W.

10227 July U {:

10228 _••dCl •••• {~

10229 July 25 {:
'10230 ___do •___ {~

10231 July 'Z1 {~

. 10247 do •••• {~ .~,~. }Oft Machias, Me_.__•__._. ••••••~----.--~----~-{

10248 AU&.13 {~~g~. }Oft Mount Desert ROCk.__••_••••_••• • ._.~-.-.,-.I
{43 l'I'N} , I10249 •• _do ••__ 67 ;40 vi.. Erte~ pert of basm.~--- ....-.--~.-.-•••••.••-•.,.-••~--•.

102li0 Atn.14 {~ ~t~. ~()ftlng of Penobscot Bay-.--.--.--•••~--~.-.~••••--••-~_ {.
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TABIJE8•....,.... Grampua'! 8tatiom, 1D14-Continued

Station Date PolIlilon Generall~l~y

---1----11----------------1------------
102111 AU!!. 14 {: ~~. }Otfing of Oasco Bay••••_••_ _._•• {

102112 Ani. 16 {~g ~~~. }Off Isl~ or Shoals ••••••••• -_•••••••••-••••••••••••_._.- {

16.66 31.92 23.28
1\.65 32. 38 26,66
4.41 32. 70 25.98
(93 33.24 26.31

16. 22 31.64 23.15
7.80, 32.39 25. 27
4.64, 32. 66 25.80
3.66 32.79 26.09

18. 89 31.29 22.19
fl,47 32.29 .25.37
4.64 32.43 "25, 70
4.'49 32. 50 25.77

20.00 31.65 22.13
6.75 32.43 26.57
4.36 -··-·26:375. 51 33.42
6.80 34.11 26.56
7.09 34.23 26.82

19.17 31.89 22.62
7.81 32.52 25.37

't~1
32.81 26.07
33.33 26.36

6;24 33.87 26.65

19.66 31.80 22.4«1
6.67 32.38 25.43
4.24 32.88 26.10
6.38 33.61 26.48
6.68 33.64 26.64

20.00 32.05 22.64
6.80 32.09 26.18

~~.~ 32.1«1 22.76
32.43 24.16

12.09 32.62 24.66

'21.95 33.,69 23.,25
14:83 33.53 24.12
9.67 33.60 25.98

22.89 33.78 23.08
,,13. 67 34.09 25.53

11.63 35.23 26.88
11.45 36.41 27.02

23.60 34.11 23.14
"13.06 35.46 26. 76

11.99 ··-·35:iii· -··--27:io9;91
7.26 36.16 2'1.53

21.89 33.64 23.24
13.07- 33.89 ~53
11.34' 35.14 26.84
10.35 35.26 27.11

17.89 32.12 23•. 11
13..30 32.45 '24.38

16.67 ···'32:05' ····-25:077.34
5. 65 32.48 25.63

0'
15'
30

o
25
66

o
40

100
145

o
40
90

130

o
40'

100
140

o
40

100
160
200
260

o
40

100
150
175

o
40

100'
100
180

o
25

~~. }••__dO •••••_•••••_••••••••••••••_•••_•••••••••••••••••••• {

~ ~. }••••dO ••_•••_•••••••••••••••• _••••• __••••.•••••••••_•••__ { ~~

1
0

tt~. }....do. --c····-····-·-~··.~.....--.-..-.-----...-..-.-... '::
'450,

~~. }••••dO~ __•••__••••••• __ ~.~••~;.••;. __.;.•• { .~!

~~ ~. }••_.dO. -.-••••- •••••- •••••••••••••- •• "-;.~-"•••••••-.~~.;.,'{ i;,
g:: ~. IJOff northern cape Cod•••••••••••••••••••,.•••••••• _••_•• { a&

", . ,80

102116 •••do ._. {~

102117 Aug. 24 {41
69

1021i8 Aug. 26 e1
70

10269 ••_do •••_{~

10260 Aug. 26 m

~ N} , {18 W. Otfing or Gloucester •••••••••••••- •••••••••••••••••-•••• ,

..........c•• {ll ll~. 1-"';" ~ C"...._ ••_._••_ •••••••••••••••• [

~~. }centrtil part of basin ••••••••••••-••••--•••- ••••••••••••1

,'~ ~; }aoUthwest part of basin, otfing or Oape, Ood.~••••-:.~•••I
~g ~. }Off Cbathsm, Cape Cod_•••••_••••••••••••••_•••••••••_{

~~. }on profile running 'southward tiom Marthas Vlneyard__ {

10262 __.do •••• {~

10263 AUi·27 {4170

10264 Aug. 28 {g

102113 Aug. 22 {~

{
3910261 ••_do -.-- 70

. 'lO2ll6 Aug. 23 {~

TABLE. 9.-Gramp'U8 8tation8, 1915

e2 30 N. }Otfiug of Gloucester•••••_•••••_•••••••••••_••••••••••_•• {
0 6.11 32.32 28.44

10266 May 4 70 20 W.
50 3.55 32. 68 26.01

130 3.55 32. 81 26.11

}Basln, otfiug or Cape Ann••••_••••••••_•••••••••••_•••__ {
0 6.10 33.03 26.00

10267 May 5 {~
38 N. 60 5.00 33.15 26.23
36 W. 130 4. 69 33.11 '-'. ,'26. 27

260 6.59 34.02 26.72
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TABLE 9.-Grampua ,tation" 1916-Continued

4
1
2

o
64
80
2
4

48

o
2

00

7
67
6

08
o
6

00
92
03
9

5
84
lIS

6
3

4
1

24

07
7

116
3

6

7
78

4
8
7

6

Station Date Position General locality Depth Tempera· Salinity Densityture

--- ---------
0 ,

}centar of gulf Ileer C88hes Ledge ______ •_________________ {
0 6.10 32.79 2/i.82

10268 May 6 {g 61 N. 60 4.78 32. 81 26.98
43 W. 100 4. 47 33.04 26.20

190 6.60 33.53 26.46

}central part of bBSIn___• _______________• ________ ._._____ {
0 4. 40 32.60 26.78

10269 May 6 {~ 04 N. 60 4.28 32.68 26.93
1I6 W. 100 4.44 32.96 26.13

186 6.82 33.22 26.19

}EBSt side of bum____________ •_________eo_eo_e. __________ {

0 3.60 31.78 2/i.29
191110 _._do ____

{~
14 N. 60 3.04 32.03 2/i.53
07 W. 100 3.90 32.86 26.12

190 6.96 33.58 26.46

{: 26 N. }perman Bank_•• ________________________________ •_______ { 0 3.00 31.89 26.42
10271 May 7 28 W. 36 3.24 31.94 2/i.44

70 3.27 31.94 26.43

{~
62 N. }Ne&r Lurcher Shoal.__________________________________._ { 0 3.90 32. 06 26.47

·10272 May 10 41 W. 60 3.42 32.09 26.M
90 3.60 32.30 26.7

}Northeest part of basin, olDng of Frenchmans Bay:._____ /

0 4.70 32.23 26.

{~
06 N. 60 4.81 32.67 26.

10273 ___do _"._
32 W. 100 6.10 33.03 26.1

160 4.98 33.28 26.3
22li 6.28 33.66 26.

{44 13 N. }10 miles oft Petit Manan Island_____________ •_______•___ { 0 4.20 ----32:20" ----iiS:7-10274 ___do _"_
67 61 W. 40 -'--Tw'80 32.23 26.6

10276 May 11
{~

09 N. }6 miles east of Great Duck Island_____ •_____________ •___ 0 4.40 31.61 26.
09 W.

{~
44N. lOfting of Penobscot Bay, close to Matlnlqus Rock_______ {

0 6.00 31.80 26.1
10276 May 12 60 W. 40 4.22 32.34 26.

80 4.22 32.43 2/i.7

{~
32 N. lOfting of Cesco Bay________________._••___• _____________ { 0 7.80 29.68 23.

10277 May 13 46W. 60 4.18 32. 38 26. 7
96 4.16 32.46 26.7

}Trough between Isles of Shoals and Je1freys Ledge ______ {
0 7.80 32.03 26.

10278 May 14 {43 00 N. 60 4.04 32. 63 25.
70 12 W. 100 3. 46 32.70 26.

176 3.70 32. 94 26.1

{42 17 N. }Mouth of Massachusetts Bay, oft northern Cape Cod ___ {
0 10.00 31.89 24. 5

10279 May 26 70 07 W. 40 6.20 32. 68 26.
70 3.82 32.68 26.

10280 May 31 {~
46 N. }6 miles oft Pemaquld Pomt__________________ •___________ { 0 6.90 31.56 24.7
32 W. 25 /i.1I6 31.83 26.1

4 {~ 48 N. }Grand;Manan Channel.________________._._---_-_------- {
0 4.40 31.82 26. 2

10281 June 40 4.63 31•.82 25.2MW. 80 4.58 31.83 25.

0 6.40 31.89 26.
10282 June 10 {~

26 N. }Bay of Fundy Deep between Grand Manan and Brier { 60 6.71 32. 41 26.5
32 W. Island. 100 6.20 32.83 2/i.

180 6.26 33.06 26. J

}Northeast part of basin In ofting of Machias, Me_________ {
0 6.40 31.118 26.2

10283 __ .do ____ {44 16 N. 60 6.27 ·----25:867 23 W. 100 6.00 32.70
180 3.64 33.66 26.

{~
09 N. }12 miles 011 Petit Manan bland _______________• ______•__ { 0 6.40 32.07 26. 3

10284 June 11 64 W. 40 6.11 32. 21 26.4
80 6.14 32. 46 26.6

10285 June 14 {~
09 N. }6m1leseestot Greet DuckIaland, 011 Mount Desert Island. 0 8,00 31.76 24.7OIl W.

{~
59N. }Oft Mount Desert Island•• ___• __• ___• _________•____• ____ { 0 7.60 32.16 26.1

10286
___do ____

16 W. 40 6.44 32.30 26.6
80 6.18 32.41 26. 6

I Appro:dmate.
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Station Date Position Oenerallocality Depth T~~ra. Salinity Density

---1------'-1------------'-'---------------

{~
44 N. }omng of Penob800t Bay close to 'MatlnlCUS Rock•••••••• {

0 7.80 31.94 24.92
10287 Ij1tle 14 35 5.83 32.16 25.31

~W. 70 4.66 32:36 25.64

}Eastern side of basin ••••••".............................. \

0 9.70 32.41 25.00

f43
28 N.

50 5.60 32.50 25.65
10288 llIt1e 19 100 4.86 33.06 26.17

67 30 W. 150 6.60 38;46 26.40
220 6.21 33.96 26.71

l
0 7.80 32.25 21).16

10289 .••do •••• {~
27 N. }••••dO.........._•••••..•.• c••••_ ..............__ •••••••_. 60 5090 32.66 2Il.74
51 W. 100 6.70 33.24 26. 22

150 50 87 33.48 26.30

{~
24 N. }oerman Bank.......__._•.•~••••••••• ~•...•••.••••••••:. {

0 6.10 32.07 25.25
10290 •••do_••• 25 5.90 32.09 25.29

22 W. 60 5.85 32.12 2Il.33

{43 29 N. . f 0 8.90 30.93 23.96
10291 lune 23 }prollJe oft Shelburne, Nova Scotla••-••• --••••--.-•• -•••• 1 30 3.47 31.36 24.96

65 08 W. 75 0.96 31.92 25.58

}•••• do ......................""_' ....................... \

0 8.60 31.33 24.32

{: 19 N. 50 0.70 31.83 25.53
10292 ••~do •••• 75 0.70 32.12

59 W. 100 2. 02 32.68 ""'26.·ia
150 4.32 _........ ----_... ------ ...- ..

{:: 59 N. }••••dO._•••• __ ••••.••••_••_........_. ___.............._•• {
0 10.00 31.36 24.13

10293 __ • do•••• 40 1. 54 31. 91 25.53
43 W. 85 1.00 32. 50 26.03

}....dll...............-.••••--.-•••••••••••••••••••--•.... I-
0 9.70 31.06 23.95

{42 36 N.
40 ,2.85 31.83 25.38

\0294 .••do ._._ 80 2.12 32.79 26.22
64 27 W. 120 7.50 34.34 26.85

170 8.28 34.67 26.99

}•••• do•••••••••••_•___••.•••••_•••••••••_••••••••••••__•• {

0 11.10 32.89 24. 7~

{:: 22 N. 80 3.63 34.27 27.22
10295 lune 24 200 8.15 34.97 27.25

16 W. 300 7.30 34. 94 27.35
500 4.91 34.94 27.lle

..• do. __• {~
28 N. }BroWils Bank........______• __._....................._••• {

0 10.00 31.44 24.20
10296 40 2.80 32.29 25.76

37 W. 80 7.36 33.49 26.20

~ ~.. 1}Eastern channel between Browns and Georges Banks••• j 0 10.00 32.66 25.06

{~
40 8.20 33.31 25.94

10297 June 25 100 8.14 34.18 26. 62
150 7.72 34.67 27.08
225 7.20 34,92 27.35

}s~utheast part of basin, north of Oeorges Bank••••••••••! 0 12. :;0 32.66 24. 62

{42 26 N. 50 5.18 32.59 25. 76
10298 .••do ••••

67 45 W. 100 5.02 33.04 26.14
150 /).68 33.48 6.41
225 ,1l.91 34.811 27.14

}Western side of basin In oMng of ca~ Ann ••__•••.•••• {
0 13-60 32. 50 24.36

10299 June 26 {~
32 N. ~ 6.22 33;04 26.00
14 W. 100 4.60 33.08 26.22

210 5.67 33.82 26.68

10360 July 7 Close to Race Point, Cape Cod •.••••••••••••_••••••_•.• { 0 16.60' 31.40 22.87----_.. ----_... 50 6.70 32.20 25.27

10301 luly 15 m31 N. }4 miles south 24° west of Libby ISland at mouth of { 0 8.90 31. lIS 24. 48
24 W. Machias Bay. 60 7.16 32.03 25.09

luly e4 08 N. Ymile south of OreatDuck Island, oft Mount Desert. { 0 11.60 31.83 24.24
10302 19

68 15 W. Island. ' 20 7.97 '31.98 24. 93
45 7.24 82.16 25.18

1030a A1Jg. 4 e3 46 N. }3 miles west of MO~hegan Island...~._~................. {
0 11.60' 31.87 24.27

69 23 W. 35 8.01 32.14 . '25. 02
75 5.96 32.41 55.54

8951-28--63
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'X,t\BLlIl 9.-'~GrampU8~' 8tatipns,1916-Contiu\loo

00

89
42
06

1
5

5
7

09

89
5

60
68

9

20
2
2
2

88
5
7

68

99
23

Station, Date, position General jocallty Deptb Temper,.· Salinity Del18ltyture

--- ---------
0 ,

}Eastem side of basln••• ___ ••_____••• ____ ••_••_.___ ••~.__ j 0 11.40 32. 63 24.

{43
,,32 N. ro ,8.26 ' 32, 67 2li.

10304 Aug. 6-7 67 35 W. 100 6.22 33.12 26.
150 4. 78 33.73 26.7
200 6.89 34.16 27.1

A,l,lg, 18 {44 08 N. Pmile soutb of Great Duek Island, off Mount Desert {' 0 10.80 31.,94 24.4
10306 68, 15 W. 26 9.37 32.05 24.7Island. 50 8. 79 32.34 25.

}Mount of M8SS8llbqsetts Bay, off Gloucester •••••••_••,_ {
0 16.10 31.24 22.

lCl306 Aug. 31 {~
31 N. 50 7.24 32.39 25.3
19 W. 100 6.97 32. ro 25.

140 5.78 32.57 25.

} ............ of C... A~____--______________________I 0 17.60 32.47 23.3
M 7.77 32. 81 26.61

10307 •••do __._ {42 40 N. 100 5. 01 33.12 26.
69 34 W. 1ro 5.10 33.28 26.3

200 5.70 33.75 26.6
,,335 6.36 34.23 26.9

}Near Casbes Ledga_•••_.__~-.---.---- ••- •• -------••----. {

0 15.80 32.52 23.

10308 Sept. 1 {42 52 N. 40 9.02 32.59 25.2
68 40 W. 90 6.36 33.03 25.9

166 5.63 33.6Q 26.

}central part of basin___• ___ •____ •___ •__._.____._._____._ j 0 15.M 32. 47 23.

e3 08 N. M 9.44 32. 66 25.
10309

____do __ •
67 52 W. 100 5.72 33.10 26.11

150 Ii 77 33.60 26.50
210 5.98 33.60 26.47

}East*n side of basin _••_._.____._._.___• ______•_____• __• {
0 13.30 32.41 24.42

10310 sept. 2 {~'
15 N. 50 7.05 32.88 25.76
03 W. 100 6.li6 33.26

i::
25

100 7.10 34.33

{~
22 N. }German Bank•••_. __ ._.__._•••••••______._·___.. ----.--. {

0 9.40 32.23 24.95
10311 ._.do, ___•

17 W. 30 10.28 32. 47 24.95
65 10.10 32.56 25.05

{43 14 N. }9 miles oft Cape Sa~Ie _______ •___ ._.__••_.____ •_____• __ .. { 0 13.30 31.49 23.64
10312 __ .do __••

65 37 W. 25 9.40 31.73 24.51
50 7.38 32.00 25.02

}n miles oft Cape Roseway, Nova Scotla____• __•••__••___ {
0 15.00 30.70 22.68

10313 Sept. 6 {~
28 N. 20 3. 38, 30.73 24.47
06 W. M 3.33 32.16 25.62

70 2.22 32. 43 25.92

}" m"'.S C........."'.N~ , _____-------- ____ 1
,0 15.00

~t~
23. 08

25 ,7.89 24.82

10314 •_:do _.__ {~
20 N . 50 3.30 32. 34 25.75
59 W. 75 4.95 33.01 26.12

100 5.00 33.12 26.26
150 5.05 33.40 26.42

{~
49 N. }Near Lurober Sboal _____•••• _______•__________ •••_•• ____ {

0 12.20 32.88 24.93
10315 Sllpt. 7 44 W. 50 11.,20 33.19 25.35

00 10.00 33.42 25.74

10316 sept. 11 e4 32 N. }2 miles soutb of Libby Island at the mouth of Maehias { 0 10. 28 32.30 24.82
67 22 W. Bay. 60 9.95 32.43 24. 97

10317 Sept. 15 {~
05 N. }3 miles south 01 Swans Island, Malne. ___•____ •______ •___ { 0 11.60 32.50 24.74
26 W. 28 10.95 32.52 24.88

{g 43 N. }4 miles southeast of Monhegan Island ,_..........,~_••__ "-- {
0 13.60 32.30 24.20

10318 SQpt• .16 '17 W. 35 110.10 32.27 24.83
70 8.61 32.56 25.28

e3 28 N. }S, miles 011 Wood Island, Malne._•••••:._"••••"-•••.••• -- {
0 15.50

1;0319 Sopt.20 25 10.50 , 31.83 24.41
70 16 W. 50 ,8.50 32. 12 24.96

{43 25N. }Massaehusetts Bay, 11 miles oft Glouoeste r Harbor { 0 10.50 31.91 24.48
10320 Sept. 29 ,35 110.70 , 31.911 24.M

70 33 W. mouth. 70 7.00 32.110 25.31

lApproximate only.
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TABLE 9~-"GrlJmpU8"8'tdtiom, 19t5-,Gontinued

tatlon I Date PosItion Oenerall0C8l1ty Depth Tempera- 8allnlty DensItyture'
__I ------ ---. I

e2 10 N. }Mouth of Massachusetts Bay, 8 miles 011 Race Point, e 0 11.40 31.73 24.19
10321 8ept;29 70 22 W. Cape Cod; .. , . '.' .:g ·····ii~22· ' 31,83 :;1:24.19

- .........._- ... -- .....- ...........-

10322 Oct. 1 e2 04 N. }Close. to Race. Point, Cape Cod •••••~••••••••••••••••••• { 0 13.40 31.38 23.M
70 16 W. 26 12.95 31,60 23.80

{42 17 N } , {
a 11.40 32.07 24.411

10323 •••do •••. 70 " W:I Moo"," M""""'''' Boy. oft C... """------------ . 40 111.00 32. 25 24.66
80

····~;;·I
33.06 26.03

0. 32.21 2(75

e2 :: 1:-. }M"'", " M............ Boy. '"Ol_'" ----------1 40 32.25
·····U~4510324 •.. do •••. 70 80 7.11 32. 50

120 17.20 32.57 26.50
150 '6, 78 ·1l2.66 26.62

• 0 11.60
}TrOUgh between Isles of Shoals and Jellreys Ledge •••, •• {

32. 21 24.53
10326 Oct. 4 {~

00 N. 50 7.33 32.39 26.35
12 W. 100 6,40 32.81 26. 79

175 11,28 33.22 26,26

24 N. }17 mIlee 011 Cape Elizabeth•••••••••••_.••••••_•••••••••• { s&1 11.90 32.41 24.63
10326 •••do •••• {43 7.61 32. 90 26.70

69 53 W. 100 32.90
·145, ""'Ki9' . 33,48 "'7726:"45

e4 32 N. }2 m1lejl south of Libbey Island, at the mouth 01 MachIas t, 0 9.40 32.75 26.32
10327 Oct. 9 67.. 2O.W. 30 -""9:83' 32.7.Bay. .q 60 32. 77 ""'26."28

e4 06N. pmiles south of Oreat Duck Island, 011 Mount Desert I 0 9.40 32.66 26.24
10328 ...do •••• 68 14 W. I

30 ""iD:iii' 32.70. Island. . . 60 32.79 ···"26~2.

\

{~
44 N . }Omng of Penobscot Bay, close to Matlnious Rook....... {

0 10.00 32.47 26.00
10329 .•.do •••. 5.1 W. 30 10.30 32. 56 26.02

60 &95 32..84 26.46

lO33O Oct. 18 {42 34 N. }2 miles eastward of Eastern Point, Gloucester """"'" 0 11.40 31.8070 37 W. 24.26

10331 Oct. 22 {41 19 N. Jon profile 011 west end 01 Marthas VIneyard •••••••••••• { 0 114.40 32.10 23.88
70 55 W. 30 1.. 50 32.14 ~.89

{?o 51 N. Jon profile 011 west end of Marthas Vineyard """""" {
0 13. 90 32.32 24.111

10332 •••do ••'. 55 W. 25 "--ia:iii' 32.45
50 32.92 ..···24."78

JOn profile 011 west end or Mar.thas Vlneyard•••7........ {
0 13.30 ~2,65 24.63

10333 Oct. 22 {~
26 N. 26 13.20 32. 74 24.62
56 W. 50 32.m

80 ....ii~89 33.68 ""'25;"6i

10334 eo ~~. }"-•••.dO•••••••••.•_••••• ' "'" •.•••••.•, ..................•••do •••• 71 0 Ill. 50 33.86 26.00

10335 Oot.. 251{~&' 26 N. }Vineyard ·Sound••••••••••••••••.••••.•••••.•••••••••••••

:1
13.00 3U9117 W. 24.16

26 {41 42 N. }About3 miles 011 Chatham, Cape Cod.................. {
'10.50. 32.00 24.55

10336 Oct. 69 53 W. 26
"'''9~a9'

32.03
50 32. 41 24. 76

e2 05 N. }Mouth of Massachusetts Bay, 3 miles 011 Race Point, { 0 11.10 31.89 24.36
10337 •••do •••• 70 18 W. Cape Cod. 30 ....iii:a9· 31, 94

60 32.14 "'''U:68

10338 Oct. 27 {42 19 N. }Mouth or Massaohusetts Bay, mIdway betwoon Cape { 0 11. 00 31,82 24.32
70 30 W. Cod and Ol<!uoester. 40 9.40 32.20 ·1l4.89

•••do ....I{~ 31 N. }Mouth pf Massachusetts Bay, 5 miles 011 Gloucester Har· { 0 10.80 3L91 24.43
10339 36 W. bor mouth. 35 .... '7:28' .32.20

70 32. 48 ---7'26,'38,

1:1

I .Approximate only.
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TABLE 10.-" GrampUl 'I .tatwm j 11)18

Station Date position General locality Depth Tempera-I Salinity Densityture

--- ----------
0 ,

{~
32 N. }Mouth of M888ach~tts Bay. 3 miles 011 mouth or { 0 11.9& 31.18 23.66

10340 July 19 33 W. Gloucester Harbor. 25 6.49 31.87 25.04
66 IU9 32.00 25.29

{
0 16. 39 30.48 22~22

10341 _••do "" {42 18 N. }Mouth or Massachusetts Bay, midway between 25 6.08 32.03 25.33
70 27 W. ' Gloucester and Cape Cod. 66 3.00 32.20 25.69

80 3.67 ---............... - ...... __ .........-

{g 07 N. }MOUth or M88880husetts Bay, 4 miles oft Race Point, { 0 17.22 30.61 22.13
lOll42 •••do _.__ 30 7.73 31.68 24.6617 W. Cape Cod. 60 6.14 31.87 25.08

}omngor ~orthern Cape Cod •••• _••••••..••••••.•• -- •••• {
0 15. 83 30.76 22.66

10344 luly 22 {: 07 N. 25 4.91 32.10 25.41
69W. 66 4.07 32. 20 25.68

80 4.19 32.33 26.71

52 N.. }omng or Chatham, Cape Cod __ ._•••••••_._._ •••••..•••_{
0 10.00 31.68 24.27

10346 •••do •••• {41 66 4.17 32.25 25.61
69 40 W. 100 3. 86

1
32.66 26.96

166 4.06 32.86 26.10

el 27 N. }omng of southern an~le of Cape Cod.............. -..•_. {
0 7.22 82:03 26.07

10346 ...do •••• 69 22 W. 30 6.41 32.07 26.21
60 4.47 32.33 25.68

{~
06 N; }Northwest side of Georges Bank...•••••.••••••••••••••••• {

0 11.39 32.64 24. 81
10347 July 23 61 W. 30 10.91 -"'3i"ir60 lUI 24. 81

{~
49N. }\Vest side Georges Bank••••••.••••••••.•'._••••••..••••••• {

0 11.67 32.64 24.76
10348 ...do __•• nw. 26 11.34

66 11.26 32. 67 24.86

}southwest slope of Georges Bank••••••••••_.............f 0 17.60 32.47 23.49

{~
16 N. 30 10. 36 133. 86 ----------

10349 July 24 06 W. 80 7.16 132.47
130 6. 76 I 34.42 27.01
180 6. 72 34.83 27.34

}••••dO•••••_••••••••••.,;......................__.......... \

0 16.66 32.47 23.93

{~
06 N. 30 10.66 -'--33:42' ----------

10361 •••do .... 67 W. 30 4.82
130 6.88 34.20 26.96
130 7.13 34.72 27.20

}""'........1'.. _ .... d a.......... ________'! 0 16.96 32. 47 23.61
66 4.86 33.08 26.19

{~
00 N. 100 7.65 34.36 26.86

10362 _••do '_" 44 W. 260 7.65 84.92 27.23
300 6.76 34. 87 27.61
400 6.16 34.87 27.57
600 4.10 34.96 27.76

10363 July 25 {~
14 N. }proflle running southeasterly from Marthas Vineyard... 0 15. 0008 W. -._... ------ "' ... - .. ----_..

{~
26 N. }••••dO.•_...................._••••••••_.................. {

0 13.61 32.27 24. 18
10364 ...do ..... 24 W. 30 8.71 32. 63 25.33

70 6. 07 32.86 25.88

10366 ...do •••• {~
43 N. }__••do. _••••••_•••__•••••_••• __OM •••_.__•••_.__.......... {

0 11.95 31.73 24.08
63 W. 30 10.97 32.14 24.57

10366 July 26 {~ 57. N. }••••dO••••_......._..........................._.._._••••• { 0 16.11 31.78 23.29
18 W. 30 12.14 32.14 24.36

'·10357 __.do •••• {~
·Il N. }~...dO.... _....___....__ ._...................___"......~. { 0 17.78 '30.00 22.19

44 W. 25 14.28 31.58 23.62

{g 10 N. }Oft northern Cape COd.._.__ .....____._........._....... {
0 16.95 31.27 22. 70

103118 Aug•.29 09 W. 20 7.89 31.8Il 24.97
43 4.91 32.05 25. 67

}Mouth of M8888Chusetts Bay, oft Gloucester......._••__ \

0 10.00 31.71 24.41

{42 30 N.
30 9.18 31.91 24. 69

10399 Oct. 31 70 21 W.
60 6.43 32. 41 25.47
00 5.43 32.66 25. 71

120 6.23, 32.59 25.76
I These two water samples probably were transposed,
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TABLE 10,......... Graml''U8'' statio1l8,1918-Conttllued

Station Date Position Generallocal1ty Depth Tempera- BallDity; Density
ture

---
• •

}TroUgh betweell isles or Sho.;1B and Jeltreys Led,e ______ /

0 9.72 32.03 24.71

{~
68 N. ~

8. 21 32.09 24..118
10400 Nov., 1 7.07 32. 45 2ll.42

UW. 90 4.84 32.67 2l1. 711
130 4. 41 32. 81 26.03

}B8S1n In oftingof Cape Ann______________________~------/'
0 10, 116 31.1/8 :14.114

{g 37 N. /iO 8.90 32. 30 211.04
10401 ___do ____

100 4.24 32. 6.'1 211.91
46 W. l/iO 4.63 32. 99 26.16

200, 4,99, 33.63 26.63,

l'm'""" "'........ -.d,....,...............,.,./
0 8. 33 32.36 211.18

e3 37 N. 2ll 8.89 32.34 211.07
10402 Nov. 2 55 8.19 32.116 2l1.36

69 15 W. 85 6.59 32. 78 211. 74
135 4.97 32,90 26.03

10403 Nov. 8 {~
16 N. }Mouth of Massachusetts Bay. oft Cape Cod___________ ,_ { 0 9.17' 31.87 24,66
I:,) W. 30 8. 39 32.07 24.94

}Oftingof southern Cape Cod ____________________________ {
0 10.28 32. 01 24.60

10404
___do ____ {41 53 N. /iO 8.04 32.18 211.07

69 37 W. 100 4,.85 32.88 26.06
175 4. 78 33.15 26.26

el 17 N. --
{ 0 11.95 32.06 24.3110405 Nov. 10 }On protlle running southwesterly from ofting of Buz-

71 03 W. zardsBay. 30 12. 62 82.06 24.23

{~
87 N. }~___dO'____________' _________________________________: ____{ 0 11.67 82.28 24.52

10406 Nov.-ll 110 .,11.85 32.38 24.6919 W. 60 9.98 32.54 2l1.07

}_~__dO ____________•__: ___________________________________ {
0 .11.28 82.64 24.33

10407
___do ____m03 N. 30 11.& 82.66 24. 74

43 W. 60 18.08 88.16 24.96
90 7.72 82.88 --------_...

}____dO.•___________________________________________• ______ /
0 11.89- 32.59 24.86

{39 52 N. 26 . 12,,()(I 32.63 24.76
10408

___dQ ___
71· 47 W. /iO 14.0 33.71 26.21

100 9.26 84.01 26.04
180 10.26 3l1.00 26.98

TABLE 11.-"Halcyon" stations, 1980

Station Data Position General locality Depth iTempera- S.allnlty Density
ture

-...,;.._+--, I_'_ ~_~__~ '_'_...c..:..._'I--- ---- -----'--' --'-''--

28.86
2ll.2ll
211.68

30.02
31.87
32.60

.---i3~Iii- -----2ii~62
33.84 26. 63

32. 76 2ll. 76

4.00
4.72
6.80

8. 89 31.82 25.29
4.48 31.92 211.82
5. 325..86 ----32.-iii- -----26:'64
5.66 .:~~ _

6.94
6.97
7.00

6.11

o
20
40
60

o
40

100
1/iO •

O'
1~ ---- ------ -- --33.-63- -----26:'iii

. 176 ---'-6;-00' 33. 73 26. 68
260 6.14 33.85 :16. 76

o 6.67 32.97 211.88
40 6.82. 188.21

100 6.92 133.01

o
15
30

10488 Deo. 29 {i~ ~~. I}¥assachusetts Bay, oft Boston Harhor {

10489 do {~ ~~. ~M:outh of Massachusetts Bay, oft Glonoester {

10490 do _. __ {~~::~. }B8S1n In oftingof cape,A.nn_------------------ ./

10491 Dec. 30 {g ~~. ~Oft northern Cape Cod ~_. \_ {

{
42 51 N 1\;' .. ' . J10492 do ---- 70 46 vi. 11 0ft Merrimac Rlver '-----1

I Probahly transposed.
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TAB:r..m 11.-" Halcyon"l!tatio~,19So-Qontinued

8
8

9
9

66

Station Date Position General locality Depth Tempera- Sal4llty Dellllity
ture

--- ---------
0 ,

}Trougb between Isles of Shoals and leftreys J.edgtl,---___ {

0 5. 8a 32,60 26. 7

104113 Dee. 30 {42 59 N. .w 6.38 . '-'iii-s9' -'---25:"7-
70 10 W. 100 6.95

lliO 8.95 32.87 25.7

{~
24 N. }Oft Wood Island, Me______________________ ------ ________ { 0 5.56 31.41 24.7

10494 ___do,~ ___ .w 6.23 32.65 26. 6
09 W. 75 7.31 32. 79 25.

{:: :39 N. ~Oftseguin Island__________________ ~_________ , ___________ { 0 5.83 32.60 26.71
10496 Dee. a! .w 6.11 32. 74 25. 77

36 W. 75 6.11 32. 77 26.80

TABLE 12-"Halcyon" 8tatio~, 1991

85
7

2

68

50
1

80
5

9
68
2

88

63
60
96

{

)

Station Date Position General locality Depth Tempera- Salinity Densityture

--- ~------
0 ,

}Oftlni :Of Penobseot Bay_________________________________ {
0 6.56 32.31 25.

10496 Jan. 1 {~
37 N. 40 6.05 32. 77 25.8
44 W. 100 6. 79 32.89 26.

1liO 7.6Ii 33.71 26.3

{:: 06 N. }5 miles oft Great Duck Island, oft Mount Desert Island, {
0 4.72 32.30 25.5

10497 __-do ••__
11 W.

40 5.63 32.04 26.
Me. 90 6. 72 32.111 26.7

{~
.3Z'N. }Oft M8ch1as, Me_______ .___________________•____________ { 0 5.56 ._-----_..... ....- .. ----- ...

lOt98 Jan. 4 13 W.
40 6. 61 ----- ..---- ~-------.....
70 5.61 ._---........- ......---...- ......

}Fundy Deep, between Grand Manan and Brier Island__ j 0 6.56 32.11 ...._.. - .............

{44'21 N.
40 5.98 32.45 ----_.....-.....

10499 ___dO _.__
6637 W. 100 6.03 32.69 .. ...--------

150 6. 66 32. 76 ----..- ..........
200 6.96 32.97 ....._----_.....

{: 69 N. }Oft L~rcher Shoal________ •___________ ._.________________ { 0 6.83 32. 51 26.
10liOO

___do ____
52 W. 40 6.17 32. 51 26.

110 6. 72 33.08 25.

{: 48 N. } ".' f 0 3.80 31. 21 24. 81
10501

___do ____
18 W. Oft Yermouth see buoy, Nova 8cotla__---_--------------l 20 3.89 31.26 24.

40 3.86 31.29 24.8

~....... ""~--....._....·······:·_··_······-1
0 5.56 32. 21 26.4

{~
07N. 40 6. 74 32. 31 26.36

10602 Jan. 5 22W. 100 6. 59 32. 70 26.
150 7.22 33.37 26.12
200 6.92 33.93 26.61

~Basln In offing of Cape Ann_____________________________ (

0 5.56 32.51 25.68

{42 44 N. 40 5.79 32.70 26. 79
10503 Jan. 9 69 56 W. 100 6.63 32. 93 25.86

1liO 7.57 33.75 26.36
200 5.29 33.95 26.83

{42 33 N. }1J4 miles oft Eastem Point, Gloucester__________________ {
0 3.33 ------...._.. .........------

10504 Feb. 9 70 39 W. 20 3. 52 ......- ----- ............... _---
40 3.63 ---_........... ...................

{~
27 N. }Nortbslde, Massachusetts Bay, oft Bakers Island_______ {

0 2.22 32.18 26.72
10li05 Mar.'. «W. 20 2.37

·----25~8640 2.65 32.39

10506 __ .do _. __ {42 62 N. }Qft Merrimac River____________________ ~___• ___________• { 0 1,67 31.64 25.24
70 47 W. 26 1.81 32. 08' 25.66

{43 22 N. }Oft ca~ Porpoise, !\:le.___________"___________.••••--___ {
0 2.20 32.35 25.86

10507 ___do_. __
70 08 W.

40 3.01 32.47 26.88
100 3.12 32.47 25.87

{: 39 N. lOft Seguin Island _____________•______•• __••__..____ •..---- 0 1.67 32.32 25.811
10li08 __do •____

36 W.
30 2.42' 32.30 26.80
60 2.52 32.41 25.
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TABLE lz-...:."Halcyon"'8I«tiom, 19B1:"-,CQ;atinued

Station Date Position Oenerallocallty D&l)tb Tempera- Salli1Ity Densityture

--- ---------. ,
}TrOull:b between Isles of, Sboals and .Jillfreys Ledp____'_. {

0 8.90 32.85 26.79
10li09 Mar. 5 {43 00 N. 4Cl 4.10 32. 79 25.73

70 10 W. 100 4.32 32.86 26.07
175 4.3S 32.99 26.17

}B.... I.......~C.,. ............~...._......•.._.I
e 3.60 32.49 23.85

4Cl 3_60 .Sf.'47- 25.84

{~
42 N. 100 4.10 32.65 25.93

10510 ___do ____
45 W. 160 5.60 lI;l.12 .26.16

175 6.60 .........._.,._- -......-...__.
226 5.60

----i3~99~ -----26:93260 4.63
'i:

}Mouth of MassaChusetts Bay, oft Gloucester••__________ {
0 3.61 32.64 25.97

10511 ___do __ ._ {42 31 N. 40 3. S4 32. 70 26.00
70 IS W. 100 3.85 32. 76 26.04

1liO 3.86 32.70 26.00

TABLE 13.-" Halcyon" stations in Massachusetts Bay, August, 19BB

09

32

Station Date Position General locality D\lpijl Tempera- Salli1Ity Densitytun
-.-,-,,- ---------. ,

"
{42 06 00 N. }~ miles oft Raoe Point, Cape Cod____________ .____. { 0 17.80 31.29 22.52

10631 Aug. 22 70 17 00 W. IS 13. 00 31.61 23.711
64 6.20 32.18 26.

0 IS. 00 81.21 22.37

{42 22 00 N. }StellWagen Bank, midway between Cape Cod and { 18 9.20 31.86 24.65
10632 ___do ____

70 26 00 W. Glouoester. ' 27 7.70 31.98 24.95
'111 4.liO 32.37 .:26.

}Moutb of Massachusetts Bay,4 miles oft Eastem ~
0 IS. 70 30.99 22.05

{42 32 00 N. 9 IS. 60 31.00 22.
10633 ___do _.__

70 35 00 W. Point, Gloucester. 27 8.40 31.95 24.85
M 6.40 32.23 25.46

10636 Aug. 24 {42 30 00 N. }Near Halfway Rock, oft Marblehead________________ { 0 15.80 31.09 22. Sl
70 46 00 W. 11 11.30 31.63 24.05

27 7.00 31.99 26.07

10637
___do ____

{~
26 30 N. }Near Egg Rock, 011 Nahant__________________________ { 0 15.30 ---_......_- ... .__ ....._._--
63 30 W. IS 9;80 ........------ .........-----

10638
___do ____ {42 23 00 N. }Oft Boston Harbor__________________________________ { 0 17.60 30.95 22.33

70 48 00 W. 27 8.80 ,31.87 24.73

10639 _._d() •___ {42 16 30 N. }Oft Mlnots Light. ___..___ •___________________________ { 0 16.90 31.02 22.60
70 47 00 W. 15 13.90 31.20 23.30

{42 16 30 N. }Oft Scltuate. ___________________•._~__________._.____ { 0 lS.40, 31.04 22.15
10640 ___d() ____

70 35 00 W. 15 16.;10 31.35 22.88
51 8;60 32.25 26.45

10641 ___do ____ e2 07 00 N. }Oft Brant Rock_____________________________________ { 0 17.80 31.04 22.32
70 38 00 W. 15 10.30

"" ..------- .. ----------
{41 66 30 N.}' . ,0 16.1010642

___do ____ Oft Manomet_______________________________________ { Sl.10 22.76
70 32 00 W. IS 13.20 -...-...._---.. ....._-------

10643 ___do ____ {41 46 30 N. }cape Cod Bay, oft Sandwlcb_______•__• _____• _____• { 0 17.80 30.97 22.26
70 26 30 W. 15 12.10, 31.38 23.30

10644 __ .d() ____ {41 46 00 N. }CaP8 Cod Bay, oft Barnstable Harbor_______________ { 0 IS: 30 30.97 22.11
70 16 30 W. 13 17.90 _......-..._-- _..................

{41 5S 00 N. }Midway between Provincetown and Plymoutb_____ {
0 1&10 Sl.lle 22-26

10645 ___do _. __
70 21 00 W. 13 17.90

-----~5.-0ii

"
42 7.20 ----31:00-
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Date Position General locality Depth Te~~ra.

I----I-----I------------------~-I-----

10llS3 lune 6, 1924 {42 27
70 3ll

106M luIy.12, 1924 {fo 26
37

10655 July 15, 1924
{~

22
32

1Q6S6 Aug. 5,1924
{~ 04

07

0 2.80
37 1.60
80 .32

0 2.80
27 2.00
M 2.20

0 3.30

0 1l.70
27 7.44
55 6.88

0 12.80
37 7.58
91 4.40

128 4. 7S
165 5.36

0 16.10
27 9.86
46 6.85

0 18,,10
37 US
73 3.55

11S 3.45

0 17.20
46 4.911
82 3.09

11S 2.90
165 2. 97

0 ':1.20
IS 1.80
37 1.79
73 1.77

0 10.60
IS 6.25
37 3.6S
55 3.13
73 3.13

0 16. 70
IS 6.80
37 4.60
73 ll.1l4

0 10.00
9 10. 50

18 10. (0
27 10.40

0 10.80
18 7.43
37 6.91
55 6.17
91 5.57

0 15.60
IS 12.60
46 6.48
73 3.98

0 16.60
18 12.32
37 6. 45
73 4.34

0 14.40
65 7.05

0 11.70
24 10.66

0 10.80
18 9.80
37 &.70
65 &.98
o. DID

Aug. 7, 1923 {~ ~~

'. {43 IS._•••do.__.____ 69 44

~ ~. }__•••do._••••_••••_•••_••••••• ••••••••••_••••__._-•••'~'-"---'.'l

.g:: ~ .}.•...dO•• ••_••_•• •.•_•••_._ •••_••••_••__._._~- ......"•••-- •._•• {

~ ~. }Nantucket Shoals_••_••_._••_.•••_._••_••_._•••_. •__--~--.----- _!{

!
~ ~. }7 miles o1!Oreat Duck Island, Mount Dasert ••---••-••••••----•••••:l

~~~g~. }S miles off Eastem Point, Gloucester•••••••••.••• •••••••• •• {J

10664 sept. ll, 1924 ~ ~ gg~. }....dO••_••_••_. ••••••••••••• •• • ••_••••••.• ._•••• {

10065 8ept.1S, 1924 {fo ~ ~ ~.. leftreys Ledge•• •• •••__.•• ._••_•••_. ._. ._.__.~••_••• {

10llllll Sept. 24,1924 ••••••••••••• {1~ mllas east-southeast (mag.) f1'om White Island off Boothbay {
. Harbor, Me.

/44 04 00 N. } I I100117 Sept. 29, 1924 168 07 00 W. 7 mllas oft Great Duck Ialand. off Mount Dasert..------···••--·-.

1

IllMll Apr. 18, 1m {~ ~ ~~, }Mouth or MIllISIICbUll6ttl! Bay•••_••••••••_ {

10647 •••.,_do._...••• {:~ gg ::~. }Off Nauset, Cape Cod ••••.• __•• _. ••_•••__ ••••_••~ •••••••__•.•• {

10647 Apr. 27, 1923 •••••••••.,•••••• Roae and Crown Shoa!. __ •• · _•••:. ~_••• ._•••_._••••••_••••

Aug.: S, 1023 {~ ~ .~~, }Off Bakers Island, near Mount Desert-••_•• _••••••_•••__• __ •••••••_{

Aug. ll, 1923 {~ ~ ::~. }Off Mount Deaert ROCk- •••••••• -••-•• -••--••••- ••-.-••••••-••••-.l

10657

:: ~ •• }whlstle Buoy, off Cape Ellzabetb.. •• ._••_•••••••••••_••• {

~~. }25 mUes off Cape Eilzabetb..••••• ._•••• ._._•• • __._•• {

=~. }Off Gloucester._••_••••••••__._•••_••••••••__••••••__• __._"__.-.-.-'1

10M2 Mar.19,l924 {fa : ~~. }S mUes oft Eastem Point, Gloucester •••••••__••••~ ••_•••• •__••••• {
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TABLlIl 14.;"""HaUyon" stationt, 19u-o.19B4.-.;.Continued

Station Date PositIon Oener8l1bcaJlty

--I----I----I-----'----'-----'---'-----~---- ----
"

10668 oct. 3, 1924 ••~••• .~----.{~~~enortheast (DlBI·) from LIttle Duck Island, off Mount :Oesert, {

.1"".9 o~. Ill, 1924 {'42 26 SON. } ., ' " {
vuu 70 37 00 .W•. 8 miles south (mag.) from Eastern Point, O1oucester ~- •••-.--••

o
27

o
18
37
73

11.70
10.08

b:1o
11.40
10.08
6. 78

TABLE 15.-I~Patrol stations, 1919 (Jro".Coast ~rd .13ull~in !:Va, 11,1914)

DepthT:fJ::r. SaUnlty DensItyGeuerallOCalltyPositIonDateSta
tlon
- ------1:----1---'-----------------------,----1.....--.-----·--------.--.-

21 •••do _~__ {~

20 ••_do {~

"{43
22 _•• dO--"!66

- I

0 4.60 32.43 2l\.n
27 3.66 32.29 26.88
lUi 2.90 32.48 26.90
77 3.76 32. 61 26.93

101 3.110 32.66 26.97

0 4. 70 32. 72 26.92
40 3.90 32.88 26.98
80 3.06 32.66 28.03

121· 4.16 32. 77 26.00
181 6.26 33.48 26.48

0 0.00 31.87 26.60
M 3.70 32.62 26.95

110 4. 76 3lL68 28.60
166 4. 76 33.84 28.80
218 4.76 ................... -.........._'..

0 4.70 31.29 24.79
27 6.16 31.71 26.07
64 3. 76 31.78 26.26

101 3.76 32.09 26.62

0 4.90 <I) _..__ .......-
37 4.86 ....................- -_...-......_-
73 4.86 -.....--- ........ -....................

110 4.80 ------ ........ ......................
148 4.36 .................-- ....""-.- ..._-....

0 4.60 81.98 26.36
M 3.66 32.38 26.76

110 4.46 32:92 26.11
l66' 4.40 .... _-------;'": .--_..........-..
220 ---'--- ..__..' ...-- ._---~

......._-_ .._--
0 2. 70 31.71 26.30

18 2.90 31.71 26.:l9
37 2. 70 --'-81:71" ··-·-26.-3066 2. 76

0 IUO 31.63 24.37
36 6.06 31.80 26.06
70 4.30 32.02 2/1.41

104 4.00 32.48 26.80
139 4.06 32. 68 26.96

,,~ 0.00 31·80 24.63
4.60 33.18 26.23

110 4. 76 33.•6 26.27
166 6.40 33.48 26.44
220 6.60 33.91 26. 76

0 7.80 31.96 24.94
60 4.80 32. 49 2li.78

121 4. 96 33.lll) 26.
181 6.06 34.29 27.01
242 6.16 --...--_........- ....._--_..-....

0 4.20 31.67 26.14
27 4.20 31.71 26.17
M 4.20 31.76 26.21
82 31.80

SS"M 30' {43 17 N·}O B'-" '. . .•. '. , ~'. ay 66 20 W. ~ auA __••••__••_._._••_ ••_. ••_ •••_~•• •••_ •••~

37 ...do _~.~ {~ ~~. }East-oeutrBl part of basln••• _•••••_.__••• __._. •• ._._••• (

~ ~. }East-oeutnil part of gulf •__._•••_•••••_••__• ••• ••••__ (

~ ~. }oermau B~k._. ••..•••_. ••••••••••••••.•••• •__ {

gg ~. }omD& of northern Cape Cod__• ••••••••• •••_._••• (

36 "_.do --~. {~ ~~. }. dO_••_. •__•__ •••••••~•••-•••••..••••--••••••••--.----1·

1 Mar. 23 {~ ri~. }otIIDg of northern Cape Cod ••__•••••• ••.•_•••_._.(

2 Mar. 29 {~ ~ .~. }_••_.dO••_••••_••_••••_••~.--••--.------••--------•••__ ••••__ (

3 ._. do---d~ ~~~. }East.central part of gulf __• • (

19 April28 {~ gg ~'. }omur of northern Cape Cod•• ._••__••_.~•••-----.--. {

~~. } .do. __•__••••_••••••••__••• __••__• ••••• •• __._ •• (.

1 SalinIties for this statIon are omitted because Irregular. They are given In U. S. Coast Guard BulletIn 11, 1924, p. 104.
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TABL:m16.-" AlbGtro88" statiom, 1910

97

2

86
92
93
30

1
7
3

06
1
o
5
7

59
09

1
9
9

59
8

98

92

Statlol1 ' Dllte Position G~locallty Depth Temper· Salinity Densityature

--- ------
0 4.44 -••-34,-45- ""-26:6-50 9.76. , 100 12.39 35.18 26.6

20044 Feb. 22 {~
07 N. }Contlnentlll slope southwest of Georges Bank •••••••"" 200 12. 39 35.ZT 26.7
03 W. 300 10.91 35.32 ZT.

500 7.24 MOO 27.4
1000 4. 21 34. 90 ZT.7
1400 3.92 34.92 27.7
1800 3.62 34. 90 ZT.7

}Southwestem slOpe of Georges Bank ~••• ~, ""••••_••_____ /

0 5.00 32.34 25.

20045 __.do •__• {~
18 N. 20 4.59 32.92 26.
09 W. 60 9.40 34.42 26.6

100 12. 35 35.34 26.7
150 11.55 35.25 26.8

l'·"'--"" ~ G......... ----------- -----11
0 5.00 32. 34 25.

20046 _••do •••• {~
38 N. 10 3.37 32. 38 26.7
21 W. 40 4.50 32. 77 25.

50 7.11 ---...-. _..-- ------ ----
70 8.03 .. _------... ------.- ..-

20047 Feb. 23 e1 08 N. }Westem part, Georges Blink _________• __ .___________ ••__ ,{ 0 4.44 32.39 25.69
68 85 W. 20 ----_.......... 32.38 ....._.. ----_ ..

50 ......_--_ ..-. 32.47 .._.... -- ...---

}_w...." ~ .....,...... ~.G"'" B_-_.______1
0 3.33 32.47 25. 86

.20048 __ .do •••_
{~

41 N. 20 3.•8 32.47 26..85
60 3.49 32.47 25. 88

49 W. 75 3.55 32.43 25.81
100 3.54 32. 49 25.86
150 4.87 32.97 26. 10

}....... _ ~ C......---------------- ___________ 1
0 3.33 32.52 25.93

{~
30 N. 20 2.79 32.51 25.94

20049 _.~do ._•• liO 2.79 32.52 25.95
35 W. 100 3.04 32. 54 26.94

150 5.66 33.40 26.37
2QO 5.63 33. 78 26.611

}Mouth of Massachusetts Bay olI moucester__ ._••_______ /

0 2.50 32. 35 25. 83

e2 30 N. 20 1.95 32. 34 25.87
200M Mar. 1 40 1.89 32.36 25.89

70 18 W. 100 1. 52 32.34 25.90
150 1.68 32. 39 25.94

.. ,

{42 31 N. }MOuth of M88SSChusetts Bay.__••___________ ._••••__ •••_20051 Mat.1-2 70 09 W. <,> -.--... ---- ~--_ ........._.. ......_---- ......

}N_ Cabo.-________________________________ 1
0 2. 62 1 32.49 25. 94

110 2. 24 32.52 26.00
20052 Mar. 2 {::

43 N, 40 2.48 32.52 25.98
41 W, 100 2.47 32.52 25.98

150 3.60 32.66 25. 97
200 5.24 33. 44 26.43

p...."..""~ b....-----------------------------1
0 2.78 32.04 25.97

2Il 2.20 32.59 26.06

~ Mar. 3 {42 45 N. 40 2.34 32.57 26.02
67 28 W. 100 2.28 32. 61 26.05

150 4.96 33.87 26.81
226 5. 39 34.36 ZT.l

}B..........~ ...... "-'•••_______________1
0 2.50 32.41 25.88

20 1.84 32.39 26.92
200M __ .do •••_{~

15N. 40 1.84 32. 39 25.
45 W. 100 1. 77 32.41 25.94

175 5:40 1 33. 75 26.1r1
250 5. 48 34.00 26.8

lit,""""'......D_...>-:-------________•__•___ \
0 2.50 32.38 25.

20 1.85 32.39 25.
206M ___do __._

{~
42 N. 40 1.82 32. 41 25.
55 W. <100 q9 33.16 26.

150 5.46 33.77 26.64
220 5.59 33.91 26.74

}6 miles olIOreat Duck.Island, olI Mount Desert Island_ {
0 1.15 32.21 25.82

200M __ .do •••• {:: 05 N. 20 ':
0.50 32.29 25.91

08 W. 40 0.49 32. 23 25.87
100 1.95 32.48 25.

I Ounent station, see U. S. Bureau of Ftsherles, 1921, p. 156.
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Station Datil: Position General locality

--1----1---11--------------1--------

}omng of Penobscot B~Y______________________••________-1 0 2.22 32.311 25.89

{~
21 N.

20 1.91 32.40 25.93
2OOli7 Mar. 4 40 1.91 32.41 25.93

58 W. 76 1.89
~:} 25.93

126 2,00 25.94

{43 41 N. }Near Seguin Island________________•_____ ------.______••_{
0 1.39 31.31 25.09

20058
___do ____ 16 0.68 32.00 25.67

69 38 W. 46 1.43 32.34 25.90

}6mllesOll Wood Island, Me - _.___________________••_••_. {
0 1.11 32.09 26. 72

20069 ___do _ •• {43 26 N. 20 ();47 32.10 26.77
70 12 W. ' '40: 0.61

90 2.33 ----iii-ii2" -----25:'83

}10 mlltlS oft mouth of Portsmouth Harbor, N., H.________ {
0 1.39 32.28 25.36

20060 ___do •• __ m02 N. 20 1.26 32.27 26.36
27 W. 40 1.28 32.30 26.88

ll() 1.16 32.30 26.89

}~...................~,..... ,..,,-""'..~~-----I
0 1.30 32.2 ---·-25:'8020 .86 32.17

20061 Mar.'S {~
00 N. 40 1.33 32. 34 26.91
11 W. 100 1:116 32.41 2M12

'1\1&': .';40'29
·'··iii·gi· ·----26:i2176 4.26

{42 26 N. 0 .78 32.14 26. 78
20062 ___doc. __ }MassaChusetts Ba:r.;oftBostoll, Hu:bOt·._••_................'.. " 20 .6670 43 W. c . ., ... 'l 50, .33 -~--'iii-i6- ----26."82

MI/Z. .10 {42 20 N, }Central part, Massachusetts Bay__ ••__ •••_._•• ___• ____•• 0 1.10 32.00 25.6570 40 W.

___do_~ __
{~

17 N. }.-.--_.--_.-.-_.__.._._'--_.._--------------------_.._---- 0 2.20 32.43 26.9207 W.

___do _. __ {42 12 N. }------------------.--------_..--------------_._-- ---_.._- 0 2.20 32.66 26.1069 06W.

}aou...~ .........--------------------------------1
O· 3.61 32.61 25.96

16 3.49 32. 69 25.96

20063 MI/Z.ll {~
06 N. 35 3.09 32.66 26.03
10 W. 96 3.06 32.63 26.02

140 4.30 33.16 26. 31
100 4.63 34.61 27.44

0 3.60 32.84 26.14
20 2.80 32.83 26.20
40 2. 73 32.84 26.26

20064 ___do ••__ {42 20 N. }80utheast part of basin north of Georges Bank___________ 100 3.18 32.96 26.26
67,13 W. 160 4.26 33.66 26. 71

200 4. 32 34.69 27.62
266 4. 24 • 34. 76 27.60
330 4.02 3P8 27.63

{
0 3.61 32.63 25.97

20066
___do ____

{~
55N, }Northeast part, Georges Bank.___•__•__________________ 20 2. 97 32.66 26.04
53 W. 40 2.95 32.66 26.03

80 2.73 32.69 26.20

}East part, Georges Bank________________________________ {'
0 3.~ I 32. 67 25,94

20066 {~
34N. 20 2.78 32. 61 26.03..__....._-_ ... ~
45 W. 40 2.73 32.61 26.02

70 2.53 32. 59 26.02

}Southeast part, Georges Bank______••__-'________• __:.___ {
0 3.05 32.68 26.011

20067 Mar. 12 {~
16 N. 20 3.07 32.68 ...26.06
31 W. 40 2.83 32.75 '26.14

90 2.80 32. 79 26.17

)&......._ ......... •....--------:-----------1
0 3.33 32.65 26.00

20 2.00 32. 66 26.05

20068
___do ____

{~
02 N. 40 2.92 32.66 .'26.06
20 W. 100 3.56 32. 83 26.13

160 4.40 33.86 26.87
100 4.92 • 34.23 27.09
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TABLE 16.-" Alhatro"" stationa. IDeO-Continued

o
3

II

00

4
2

2
46

2

Station Date P08IUQn General locality Depth Tempera- Salinity DeDBity
ture

--- ---------
0 3.33

---'i2~7V' -----26~i·150 3.11
0 I 100 7.09 33.86 26.6

20069 Mm•. 12 {~
47 N. }Contlnental slope southeast of Georges Bank____________

1150 7.01 34.63 27.16

OJ W. 200 6.92 34.67 27.3
300 4.73 34. 67 27.
400 4. 32 34.71 27.64
600 4.26. 34.81 27.6

1,000 3.77 34.92 27.71

{~
03 N. }North~stedge Georges lJank.~--••--"••- ••".-••••---•• {

0 3.05 32.66 26.04

20070 Mar. 13 20 2.78 32.67 26.06
16 W. 40 2.74 32.66 26.06

90 2.69 32. 70 26.1

j_C.......""_""","cd.~""._I
0 3.33 32.81 26.1

{~
UIN.

20 2.90 32.83 26.18

20071 _••do ••__ 40 3.16 32.86 26.1
02 W. 100 6.48 34.29 26.96

160 6.86 34.42 27.
216 6.84 34. 70 27.23

36 N. }BrowDS Bank______._••__•••_•••••••_••__• ___ •________._ {
0 1.116 32.32 26.86

20072 ••• do____ {42 20 1.88 32.34 26.87
66· 150 W. 40 2.14 32.67 26.04

90 3.40 83.02 26.29

30 N.
0 2.22 32.44 26.92

20073 Mar. 17 {~ }011 prollla running southeasterly from the offinll of Sbel· { 20 2.10 32.48 26.93
06 W. blime, Nova Scotia. 40 2.10 32.48 26.97

70 2.62 32. 71 26.12

}.___dO••••__._••••••••••••••••••••••••__ ••••••••••___----I
'0 1.39 32.09 26.70

20074 Mar':~9 {:: 18 N. 20 1.24 32.07 25.71

58 W. 40 1.10 32.07 26.71
100 2.86 32.94 211.26
1150 4.68 33.69 211.70

{: 66 N.
I-·--dO------.--------.-.-------------------•••--.-------. {

0 0.56 31.80 26.63
lIOC116 ••_do _._. 20 0.27 31;83 26.56

36 W. 40 0.46 31.82 25.54
90 3.76 33.21 26.40

l---.d·-····-···---·-----·---··-·-·-······1
0 1.28 32.06 25.69

20 0.911 32.08 26.70

{= 33 N.
40 1.20 32.20 26.81

20076 _••do •___ 100 7.311
30 W. 160 8. 61 ----i4."'i4- -'-'-~7i

200 6.20 34.70 26.91
260 5.40 34.65 27.32

. '. I ' 1.67 32.16 26.76
40 1.29 32.19 25.79

MBr.{~ 42 24 N. }contlnental slope Inoffinll of Shelburne, Nova SCOtla____
100 5.82 33.78 26.52

20077 200 7.89 34.85 27.20
64 19 W. 300 6.32 34.85 27.38

1,~
4.23 34.83 27.42
3.90 34.88 27.72

Oape 1 0 1.115 32.45 26.96

{3 58 N. }Northern Channel between Browns Bank and 20 1.82 32. 45 26. 96

200'78 Mill'. 20 40 2. 12 32.43 25.93
48 W. Sable. 100 2.67 32. 72 26.11

135 4.59 33.58 26. 62

jjp.." Doo........ G......- ....... """'••1
0 2.150 32.56 26.00

20 2.14 32.M 26. 01

'lIOC119 MIIi'.22 {~
21 N. 40 2.17 32.53 26. 01
87W. 100 2. 55 32.70 26.10

160 3.32 33.01 26.29
200 4.29 33.31 26.44

{44 ill N. }ll mll8!l east 01 Petit Manan Island_______•••_.- •.•~.•••• {
0 1.311 32.05 26.67

20080
•__do ____

67 37W.
30 1.26 32.16 25. 77
60 1.43 i 32.25 25.83

}N_-"'........ ",.." ..." "_.·_··__1
0 1.95 32.32 25. 85

20 1.76 32.32 26.87

20081 Mar.{~ 44 08 N. 40 1.63 32.36 26.90
67 26 W. 100 2.26 32. 59 26.05

160 6.07 33.67 26.63
200 6.39 33.84 26.73
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TABLE 16.-" Albatr688" 8tati~m,19Bo-Continued

1001

Station Data Pos.ltion GenerallocaHty Deptb TllIIIpera. BaHnlt1 ne.ltJ'tnre

------ ---- I

• ,
lOft Lnrcber SboaL______________________ ••••______ ••.___.. {

0 2.67 32.69 26.02

20082 Mar; 23 {: 54 N. 20 2.36 32.61 26.06
53 W. 00 2. &2 32.72 26.18

120 3.3& 33.1& 26.40

lOft Yarmouth, Nova Scotia _. __._••____ •___. ___•_______• {
0 1.9& 32.17 211.78

20033 •••do _. __ {: 41 N. 20 1.54 32.18 2Il.77
21 W. 40 1.&4 32.22 211.79

Oli 11.04 32.54 26.02

{: 18 N. lOft Cape Sable, Seal Island, Nova Scotia ____ , __,_, __ , ___ {
0 2.11 32.16 2Il. 71

20084 _._do ••__ 20 1.74 32.16 211.74
09 W. 00 1.81 32.23 211.80

{~
17 N. }oermlton Bank__• __•________._••_____________ ---- .--••--- {

0 2.&0
2008& •• _do ____

33 W.
30 2.40 32.63 26.07
70 2. 43 32. 63 26.06

I
,

1
0 3.61 -·-·33:iij- -----26,'35

{~
11 N. }East side of basin • _________..______..._. ___________... _____ 20 3.40

20086 __ .do ____
12 W. 40 3. 39 33.10 26.3&

100 4.29 33.63 211.6.
170 &.01 34.00 26.00

}i<'"'."........_. C.,. AD. _____--,----- \

0 3.0& 32. 49 2.5.00
20 2. 74 32.00 2.5.98

{~
37 N. 40 2. 74 32.54 2Il.1lG

20087 Mar. 24 27 W.
100 2.80 32.63 26.04
1M 6.37 33.63 26.49
200' .5.39 34.0& 26.00
200 .5.06 34.22 27.011

0 2.60 32.36 2Il.85

e2 16 N. lOft northern Cape Cod,. ______._.________~__•_______• ___ 20 2.20 32. 39. 2Il.90
20088 _._do ••__

69 54 W. 40 2.20 32.44 211.93
100 3.61 32. 92 26.19
180 4.97 33.68 26.68

}M~husettsBay, oft Boston Harbor _____• ___________• {
0 3.06 31.211 :H..92

20089 Apr. 6 {~
26 N. 10 2. 39 31. 26 . 24. 97
43 W. 2& 2.31 31.30 211.02

60 1. 49 32. 31 26.08

}Mout~ of Massachusetts Bay. oft Gloucester ------------1
0 3.33 32. 36 2.\ 76

{42 30 N. 10 UO 32.34 211.83
20090 Apr. 9 70 19 W. 30 2.42 32. 34 26.83

90 2. 34 32.47 26.9&
.120 2.26 32.48 2Il.97

{~ 43 N. }leftreys Ledge, oft Cape Ann________ ._. ____ • ______ •____• { 0 3.33 31.97 26.46
20091 _••do •___

70 22 W. 20 2.48 32.08 26.611
60 2.00 32.46 26.91

lOft Merrimac River______ •••_••_._____________________• {
0 3.05 31.01 24.72

20092 _._do _.__ {42 49 N. 20 1.94' - ... - ....--...... ....._-------
70 37 W. 40 2.45 -....... -_ ... _-- .........._-_ .....

80 2.35 _...... -- .......... - ......... -_ ..........

}westemsIOp8 of le1freYs Ledge._____•________•__ •__••_.1 0 3.06 31.92 211.45

e2 57 N. 20 2. 42" 32.02 26.68
20093 •••do ____

70 07 W. 40 2.26 32.35 26.M
100 3.59 32. 81 211.10
160 4.29 33.10 211.26

}Platts Bank__••____________• ______••______________•••___ {
0 2.78 32.16 2Il.66

20094 Apr. 10 {43 08 N. 20 2.34 32.17 aG,76
69 40 W. 40 2.46 32. 41 2Il.89

00 2.82 32.56 26.97

II 0 3.06 30.07 23. 97
20095 _._do •___ {43 26 N. }7 miles oft Wood IslQIld, Me. ______________--••-._._.~___ 20 2.71 '---32:80' --"'26,"W70 12 W. 40 2.211

90 2.22 ---........- ...- .....,...._- .....--

20096!___dO ____ {:~ .~ ~.I}Near seguin Island .--.-----.---~--.--.-------__._.__._ {
0 2. 78 29.94 23.89'

20 2.02 31.60 2&. 2S'
60 2.39 32.41 26.8110
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TABLE' 16.-" AlbatntB'" 8tatiom, '19,eO--Continued

8t8ttllll :oatlr' PosI~lon Generallooa1lty Depth T~ra- SaHnitY DeBslty

+---1---1----------------1------------
,

}oiDng of Penobscot Bay••••••••••••••-------------------I
0 3.33 32. '3 26.83

{10 '3 llIN. 20 2.40 ' 32. 43 26.110
20097 Apr. 11 88 55W. 40 2.13 _._ ..~--~-- ---_._----

100 3.46
125 4. 51 33.28 --"'26:37

111{~ }a« Moo•• ""'" """_______________________________ ,

0 3.05

::::~:~:I:::::~~43 N.
20 2.33

20098 ·Apr. 40 2.53
55 W. 100 3.53

150 4.91 33.89 28.84
210 6.28 34.22 27.05

}Oft Pem Manan Island ____________ . __ •_____________.•_-f 0 3.61 31.46 25.03
20099' Apr. 12 {M 15 N. 20 2.23 31.110 25. 50

63 W. 40 2.34 32. 38 ~86
70 2.60 32.56 25.99

}N"'..,....."., ...............,................ __ (
0 3.89 32.49 25.82

15 3.07 32.59 25. 98
{44 09 N. 35 3.29 32.87 26.18

20100 •__ 00_.__
67 2tl W. 95 4.50 33.55 28.60

145 5.06 33.98 28.89
195 5.12 34.06 28.95
225 5.14 34.09 28.96

}Oft Lurcher ShoaL. - ---.-- -.--------.. ------ -----. ------1
0 4.28 32. 89 26.10

{: 63 N. 20 3.39 32.94 26.22
20101 ___do •__•

51 W. 40 3.67 33.03 26.27
100 4.58
140 4.71 33.78 -"'-26:"77

}Ot! Yarmouth, Nova Scotla __• _____________~~--,'- ••--.-. {
0 3.89 32.36 25.72

211102 APr. 13 {: 42 N. 20 3.26
21 W. 40 &00 "'-3:i~56- -····:i5~96

60 2.83 32.56 25.97

}German Bank________________________••_.~-.-•__________ {
0 3.89 32.74 26.02

211103 Apr. 15 {: 20 N. 20 3.35 32.72 28.06
36 W. 40 3.44 ,32. 79 26.11,

110 3.46 32. 79 26.11

{: 13 N. }south pf Blonde Rock, oft Cape Sable_______•__ ,_________ {
0 3.05 32.32 25.77

20104 ___do •__•
59 W. 15 2.80 32.34 25.80

45 2-83 32.38 25.82

I
0 3.61 32.43 25.80

{:: 68 N. Northern Channel, between Cape Sable and Browns 20 3.61 32. 42 25.8020105 •• _do ____
68 W. Bank. 35 3.11 32.77 26.12

95, 3.16 32.83 26.16
125 &.15 32.84 26.17

}Browns Bank______•___•__• ____.. __..__________~~------~, {
0 3.61 32.72 26.03

20106 Apr. 16 {~
39 N. 20 3.40 32.74 . 28.0601 W. 40 3,35 32.73 26.06

80 3.32 32. 75 26.09

}~....... C>'~I.b"_."...~.P_~.~--I
0 3.33 32.34 25.75

20 3.10 32.34 25.77
,:10107 ._.dll •.~.- {~

19 N. 40 3.21 32.56 25.9402 W. 100, 6.86 33.86 26.68
170 7.45 34.59 27.05
240 6.07 34. 69 27.32

57 N. }Eastem. edge of Georges Bank___•.__._...__._.__• __....._{
0 4.17 32.68 25.87

,llO108 ___~o ____
{~ 20 3.62 32.69 25.94III W. 50· &08 32:60 25.98

130 3.75 33.05 26.29

~ .... ', "",,",.•"""---- --------------------1
\ 0 4.17 32.66 25.92

___do.___
{~

17 N. 20 3.63 32.66 25.,9820109 09 W. 40 3,54 32. 66 25.99
100 4.22 33.46 26.56
150 6.47 34.52 27.13

20110 I.. -d'o ~~-. {~ 38 N. }Eastern part of Georges Bank. ___• ________•___•• _____ •__ {
0 3.89

.32. 67 1 25.97
20 3.54 32.70 26.0228 W. 40 3.42 32.69 26.03
80 3.59 32. 70 .26.02
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TABLE,16.-U Albatroaa" 8tdtions, 19So-C()Dtinued

88
94
93
95

9
90
94
8

50

Station Date Position General localIty Depth Tempera. Salinity DenSityture

--- ---
0

}Eastem part of Geories Bank___________________________ {
0 4.17 32.60 25.

20111 Apr. 17 {~
69 N. 20 3.62 32.61 25.
43 W. 40 3.76 32.61 25_

70 3.75 32.64 25_

}<~"'- ....." ••~ "".~ 0 ...... _ ..••••.,1
0 3.61 32.54 25.8

20 3- 39 3252 25-

{'2 22 N. 40 3-26 32 '16 25_
20112 ___do •___

67 02 W. 100 3.15 3286 26.1
175 5.22 34.56 27.33
225 4.66 34. 70 27.
290 4.71 34.70 27.50

)c~.~ ....~ - ............_..............······1
0 3- 33' 32.50 25.88

20 2.88 32. 47 25.90

20113 ___do ____ {'2 63 N. 40 2.93 32.48 25.90
67 37 W. 100 4.32 33.51 26.59

165 5.16 34.23 27.07
230 5.16 34. 43 27.23

}Near Cashes Ledge______________________________________ \
0 3.33 32.41 25. 81

{~
41 N. 20 3.28 32.45 25.85

20114
___do ____

'OW. 40 2. 91 32.43 25.87
100 4.12 33.19 26.36
175 4.96 34.18 :17.06

)"'...... "'.~ ""'" In - ~C.,. ........_....-1
0 3"61 32.46 25.81

20 3.33 32.48 25. 87

{~
37 N. 40 3.20 32.47 25.87

20116 Apr. 18 33 W. .100 3.02 32.80 26.15
150 6.38 33".69 26.62
200 6.36 33.93 26.68
290 4.92 34.34 27.19

J42 03 N.
}Oft Cape Cod HlghlandS________•____~----"---.-----.---\.

0 3.. 61 32. 14 25.67
20116 ___do·. ___ 20 8.60 32.14 25..57\69 38 W. 40 3.13 32.16 25.63

100 3.42 32.79 26.11
105 4.25 33.01 26.91

}Oft north~m Cape Cod__________________ . --------------- f. 0 3.61 31.87 26.36

2Oli7 ___do ____ {~
09 N. 20 3.13 31.86 26.
58 W. 40 3.00 32.08 25.68

ll.~ 3.24 32.78 26.12

{'I 51 N. }6ape Cod Bay'__________________________________________ { 0 4.44 31. 55 25.02
20118 Apr. 20 15 3.76 31.52 25.0770 18 W. 28 3.46 31.50 25.08

{
0 3.61 31.43 25.01

20119 ___do ____ {42 18 N. }Massachusetts Bay, midway between Cape Cod and 20 2.87 31.56 26.18
70 28 W. Gloucester. 40 1.58 32.03 25.65

90 1.78 32.29 25. 84

;0 6,39 29.16 22.93
5 .6.l,2 29.11 22.93

10 5.88 29.17 23.00

20120 May' 4 {42 27 N. }M:outh of Massachusetts Bay. oft G1oucester_~ __________ 15 5.90 20.18 23.00
70 25 W. 20 4.67 29.55 23.42

30 4.52 31.13 24. 69
50 3.96 31.36 24. 93
70 2.72 .~ ..__....:_-. ._-----... -

{~
27 N. }___ .do________"______. _____________________________ -----_ { 0 5.66 29.08 22. 96

20121 ___dO ____
25 W. 30 3.02 30.99 24.62

60 2.39 32.24 25.76

0 7.22 28.26 22.18
5 6.54 28. 45 22.36

10 5.61 30.59 24.14

{~
49 N. }Oft Merrimac River___~______________~_________________ 15 4. 42 31.17 24.72

20122 May 7-8 37 W. 20 4.18 31.24 24.81
35 3.10
50 3.13 ----iii-i7- -----25~63

65 2.43 32.25 "26.76
85 2.30 32.38 ... :26.l!ll

{42 28 N. }Massachusetts Bay, oft Boston Harbor •_________________ { 0 8. 89 29.94 23.20
20123 May 16 70 43 W. 20 4.83. 30.72 24.30

55 2. 35 32.18 26.73
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TABLE 16.-" Al.batroee" etatiom, 1911o-Gontinued

4

02

58
90

40
30

20
38

2
5

82
o

60

IDepth
I

Station Date Position General localJty Te:~:ra. Salinity Density

--- ------
0 ,

}Mouth of MllSsachusetts Bay, oft Gloucester.___•••••J{ : 9.72 29.87 23.
20124 May 16 e2 28 N. 6.12 30.77 24.33

70 18 W. 2. 89 32. 07 25.
: 100 2.65 32. 45 25.

fda c.,. Cod h.-,.-----------------------------1
0 9.17 30.25 23.

{42 00 N. 20 5.73 32.07 25.
20125 •__do _•• _

69 41 W. 40 3.78 32.34 25.71
100 3.58 32.112 26.
140 4.04 33.21 ·26.

}Otllng of southern Cape Cod •__.----------------.-------1
0 8.33 31.53 24.5

{41 39 N. 20 5.90 32.16 25. 3
10126 Mayl7 69 22 W. 40 4.30 32.M 25.

100 3.60 32.81 26.1
160 4.10 33.49 26.

}BBSIn 8IlSt of Nantucket. __ ------ -----. ------' •.••- ·_·.·-1
0 7'22 31.89 24.93

el 20 N. 20 5 '75 32.24 25.46
20127 _._do _._. 40 4.10 I

69 06 W. 100 3.80 ----32:88' "--'26:i-
145 3.80 32.98 26.24

}33 mUes8llStward from NantucketShools Lightshlp__• __• {
0 7,78 32.48 25.35

20128 ___do _" •• {~
·34 N. 20 5.55 32.47 25.63

53 W. 40 5.40 32.47 25.66
70 6.04 32.60 25.71

}«;Jontlnental edge oft Nantucket Bhoa1s••____ •_____ ._____ /

0 7.78 32.61 25.45

{~
05 N . 10 7.66 32.61 2.';'48

20129 ..,.do •__ ,
04 W. 30 5.30 32. 74 25.87

90 1.32 33.84 26.48
160 8- 24 34.12 26.96

TABLE 17.-" Fish Hawk "statione in M aeeachUBetts ana Ipswich Bays, December, 19114, to June, 1995
[For key chart, see Bigelow, 1926, 1Ig. 9)

Bta- Tem. Salin· Den.PosiUon General locality Cruise Data Depth per&-tion ture ity sity
.

---------

!
0 6.75 ...._- ..-- .. ..._- ..........

2 Dec. 11,1924 33 6, 79 ......... ---- - ..-......- ..
66 6.85 -------- ... _- ...........
0 5.95 -------- .._-- .........

3 Dec. 16, 1924 28 6.97 - ... --_....... ....._--.....-
66 5.95 ........... __..... -....- .........

!
0 4.90 .....__ ........ -- .... - ... _-

4 Dec. 22,1924 33 4. 62 ................ ............- ....
0 " 64 4.90 - ..------ ---..... - ....

{~
12 00 N. }Mouth of the bay, 10 mUes oft Race Point, Cape 0 4. 05 .._----- ... --- ..----:I 23 30 W. Cod. 5 Jan. 6,1925 32 4.01 ------_ .. --- ...._--

64 4.15

{ 0 2.00 -i32~87- ---2lr~
6 Feb. 6, 11126 32 1.81 132. 90 26.32

63 3.10 132.83 26.18
0 2.10 132. 75 26, 19

7
F.h '''~! 32 1.83 132.71 26.28

64 1.90 133.07 26.46
0 2.40 132. 94 26.32

8 Mar. 10,1925 33 2.14 132. 98 26.'38
6li 2.05 133.12 26.50

0 6,60 ::::::::1::::::::2 Dec. 11,1924 13 7.60
26 6.55 -------- - ..------

If
0 4.10 .....--..- .... - ..-----.Apr. 7,1925 30 4.08 ..-----_ .. ..................

60 3.40
·i3i~7i· "'25:080 6.60

a e2 09 so N. Month of.the bay, 7 mUes oft Race Point, Cape 12 Apr. 22, 1925 17 5.49 131.62 24.97
70 19 SO W. Cod. 33 3.79 132. 60 25.83

0 8-60 131.47 24.43
13 May 21,1925 15 8-14 131.36 24.42

80 6.15 131.59 24. 94
0 12.18 32. 38 24. 57

14 Iune 17,1925 10 12.05 32.38 24.66
20 9.23 32.52 25.03
SO 5.06 33.17 26.13

IFrom hydrometer reading.
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TABLE 17.-'-" FiBh Hawk" 8tations in Massac1+meU8attd Ip8wick B(J/iJ8,~cember, I9!4,to JUM,
19B5'-Continned
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TA.BLE 17.-" Fish. Hawk" statiom in M(l88aChu8elt8 and Ip8wich BaY8, Decemo.et, 199~. to June,
19B5-Contioued

Sta
tion Position GeaeraJ locality Date

Tem· !'lalln. De-
Deptb rur~"'lty sit>'

--I-----I----~----------I--I-----I~-~ --.-----
0 6.30 ..-- ....._-- -- ... _----

2 Dec. 9, 1924 6 6.32 .. -- ..--- .. --_ .. - ..--
12 6.30 ..... _- ..- .... ---..........
0 4.25 ........... --.... --------

3 Dec. 11,1924 7 4.43 - ..------ 00 .... - __--

14 4.35 -------- .... _--_ .....
0 0.30 .-- .._-- .. --- .....-..

6 Jan. 7,1925 6 0. 37 ... --- ... ---
13 0.25 ';32:35- ---26:020 -0.70

" 6 Feb. 6, Ig25. 6 -0.41 132. 47 26.11

{41 49 30 N. }Soutb sl~, Cape Cod Bay _______• ______________ 11 -0.60 132.66 26.23
7 70 11 15 W. 0 1.60 132.25 25.82

7 Feb. 24, 1925 6 1.48 132.35 25.91
12 1.39 132, 34 25.90
0 5.40 --------1---· .---11 Apr. 8,1925 6 5.24 --_ .. _-- .. - .... _- ..- ..

12 5.26 -------- - ...._----
0 6.30 --------1---- ----12 Apr. 23, 1925 6

12 6.48
--------1--------

0 11.00 :=:==:=f=:::::13 May 20,1925 6 10. 96
12 10.92 -- ...... --- ....................

14 June 16, 1925 { 0 15.23 32.23 23.81
10 15.20 32.38 23.92

sel 49 00 N, }cape Cod Bay, oft sandwich•••___._••_________ Dec. 3, 1924 { 0 6.85 ....__ ......... --.............
70 24 30 W. 23 6.80 -------- ._-...........

l' Dee. 3, 1924 • 0, 6:93 .--......... ......-----
33 6.40 ........... ---- --- ... ----
0 6.30 -- ....... _-- ....- ............

2 Dee. 9,1924 14 6.73 ..------- --.. __..-..
28 6.10 .. --- ...._- - ... _---_ ...
0 4.90 ... ------- --------3 Dec.. 16, 1924 17 4.93 ......... _-- ... ....._-----

9 el 63 16 N. }west side, Cape Cod
Bay___.0_.________________ 34 4.40 -- ... -- .. _- --_ ... _---

70 27 00 W. 0 4.80 ..------- - ....._----
4 Dec. 22,1924 17 4.83 ---_ ... _-- - ....._.._--

34 4.80 _... __ ... _-- -- .. _- ....--

j
0 2.15 .... _.._---- --_ .. _-- ..

5 Jan. 7,1925 16 2.20 -_ ... __ .... _- _.... __ ......... -
32 2.15 ';32:70- '--2O:2i0 1.90

6 Feb.. 6,192., 15 0.59 132.78 26.34
:;9 0.70 133.19 26.63

Dec. 3,1924 0 6.74 _.. _-_ .... _- _.... _- ..........
33 6.80 -_ ...... _-- .. .... - .. - ...- ..
0 6.90 -------- ......_-----

2 Dee. 9,1924 18 6.93 ..--- .._-- - ...---....-
36 7.10 -------- --------
0 5.40 ...._- ...._- ..-------

3 Dec. 17,1924 18 5.47 ....__ ...._- --------36 5.90 ---- ......- ... __ ......_--
0 4.60 ---- .. _-- ----_ ..-...

4 Dec. 22,1924 19 4.63 ..------- --- ..- ....-
37 4.80 ..- ........._.. - _.... _--_ ....
0 2.25 _.... _.. _--- ------_ ....

5 Jan. 7,1925 19 2.47 -------- ----_ .... _-
11 {~ 68 00 N. }oll Manomet, Plymouth,

MIl88,________________ 37 2.15 -;32,-77"ao 16 'W. 0 1.00 '--26.'35
6 Feb. 7,1925 18 0.87 132. 62 26.21

36 0.80 132.79 26.30
0 1.10 _.._- ...... _- --------

7 Feb. 2&, 1925 19 1.43 ------- .. --------
36 1.40 -;32.-60- ·--26~i2

10,1925
0 2;jl()

S Mar. 17 1. 63 132. 61 26.11
33 2.17 132.52 26.00
0 4.10 131.18 24.77

11 Apr. 8, 1926 20 4. 59 -;32,-20-

~I
2.46 ·--25:76
5.60 131.60 24. 93

12 Apr. 23, 1925 5.M -;3i:6O- ---Z5~ii64.87
1From hydrometer reading.
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TABLE' 17.-" FiaJl, Hawk'~Btatiom in Massachu8Nu al1,a Ipswich Bays, Dec;embtt, 19S4, to J.une,
1916--Continued

Sta·,
tlon Position General locality Cruise Date

Tem· 'Salin. Den.
Depth ~~. Ity Iity

--1-----1-------------1--1----1--------

10 {~A ~ ~/~,. }ottManomet, Plymouth, M8II. __• •••__• • {

11 {~A ~ :g~. loti Plymouth Harbor'---'---"--'" _.---.-----.

llA {~~ ~ ~~. }._._dO _•• ._ _••_. ••_. __• _

12 {~ ~ ~~. }_.__dO __• __•• •• ._. ._. • _

{42 03 00 ,N. }13 70 84 30 W. 011 Gurnet Polnt •• •• _

13A {~~ ~ ~~. }.~~.ao ._. . .__ ._._

.. (~ 11 ~ 1:'. 10 • G~...""'••-.~-••••••••••••- •••••• j

I From hydrometer reading.

13 _~,mj

14 June 16,1925

1. Dee. 3,1924

2 Dec. 11,1924

3 Dec. 17,1924

4 Dec. 23, 11124

6 Jan. 7,1925

6 Feb. 7, 1926 {

Dec. 3, 1924 {

21' Dec. II. 11124 {

:,:::: 1
6 Jan. 7,1926 1

1 Dec. 3,11124

2 Dec. II. 11124

3 Dec. 17.1924

4 Dec. 23, 1924

6 Jan. 7,1926

6 Feb. 7,l\l21i

7 Feb. 28, 1926

8 Mar. 10,1926

11 Apr. 8,1925

2 :: :::: 1
Dec. IPIl24.

0 11.00 131.76 24.62
17 6.14 131.66 24.116
84 3.119 131.92 26.37
0 14.43 32.16 23.113

10 12. 83 32.23 24. 31
20 6.118 32.81 26.84
38 6.611 32.116 2li.lIlI

0 6,84 -_......- .....
36 6.86 -..-~ ... __ ... ------....

0 6.80 .... - ......... - - ........._--
18 6.82 ------ ..- .....................
36 6.70

0 5.40 .. ..- ..... _-- ---..... _--
18 6.113 ....-....._-- ............... _-
36 6.10 ...._- ...._- --------

0 4.50 -------- ----_.......
18 4.63 ...._----- ---- ..........
36 4.60 ......_---- .....- ...........
0 2.00 ---- ......- .._--- ..--

18 2.00 - ...._---- ....- .....__ ...
35 1.16 ......- ...... _- -_......-....
0 1.10 132.67 26.111

18 1.01 132.117 26.44
36 1.20 132.92 26.39

0 6.61 ~ ........_-- ..--- ........
27 6.40 .....----- .. -_..__......
0 6.110 ---- .._-- .._------

14 6. 42 -------- ............_..
0 6.60 _............... --- ...._--

13 U2 -----_ ...~ ...._--.......
26 6.06 ....-- ........ ...._-----
0 ---4.-63- -_ .._-- .... ...............-

16 ------..- ---- .......-
31 3.50 """-.......- ---- .........

0 2.16 _..--_ .._.. ---- .._--
13 1.67 - ......- ...._- ..--- ........
26 1.66 - ....- ...._- - ....__ .._..

0 6.83 -------- .................
20 6.80 ...-- ......._- .......... _--
0 6. 86 ----.---- --------

17 6.73 .._..-.. --- ....- ...........
34 6.50 .._- ... _--- ----- ...--

0 6.80 .....------ .._-- ........
12 6.83 ......._--_ .. ---- ..---
24 6.06 ......._-- ...- - ..... - ........
0 2.50 --- .. _.. _... - ..- ...........

13 4.M ................ ---- .._....
26 4.50 -------- - ..--........
0 2.00 _.._----- --- ..----

13 1.110 ....- ............ ............_....
25 1.110 ... -- ...._..... -..- .............

0 1.20 132. 81 26.30
lQ 1.10 "32.114 26. 41
82 1.10 133.04 26.50

0 1.21 ......- ........ .._----- ..
15 li3 -------- ....._-_ .........
30 1.21 ...._----- -_.. - ..-_ ..
0 1. 70 ............._- --- ...........

13 1.64 ---_ .._-- --- ......_...
26 1.46 .... - .......-- --------
0 6.40 -------- --- ......_-

12 4.63 .....-- .....-- .........._--
24 3. 81 -------- .._............

0 6.13 ..--- .. - ..- ----_ .._-
18 4.110 -------- - ...-_ .._--
0 6.110 -------- ----_.._..

13 6. 87 ...._----- ------- ..
26 6.80 -- .. _---- ...........--
0 4.60 ---- ..--- -----....-

11 4. til ..--_ ... __ .. --- ......- .....
22 4.20 ................ _._-- _.._-
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TABLE 17,~"Fish Hawk"8tations in Ma88achuseU8and Ip8wich'BaysrDecember', 19B4:, to June,
19f6-Continued

Tem· S linDepth pern. a· Den·
ture Ity IIt1DateCruiseGeneral localityStll-I Positiontlon

--,,------1---------------'1--1-----1------------

';32:43- "'25~ii4
132.47 26.00
132.68 26.07

·;32,'72' "'26.·29
132. lIS ••••••••
132.78 28. 33

';32,'67' "'26~ii5
132. 63 28. 24
132.91 26.33

"ai:ii-- ::::::::
31.7 •••••, ••
31,.7 ••_•••••

131,,85 " 24.411

° 4. 50 •••, ••••••••••••
8 2.66 ••••••••••••••••

16 3.90 ••••••••••••••••

1
°
3

, '2. 15 ••••••••
2. 23 •••••••• _ •••, ••

26 2.06
o -0.10

11 -0.20
22 0.20
o 6.10 •••,_••••••••, ••

10 6. 22 ••••••••••••••••
20 4. 66
o 5.30

10 5. 10
20 4.60
o 8.80

10 8. 84
20 4.69 ';ai:s7" -··ii5~20
o 16. 21 32. 09 23. 70

10 10. 66 32. 38 24. 79
20 7.66 32. 66 25.62

o 4. 82 •••, •••• _•••••••
20 4. 80 _••••••••••••, ••
o 4. 96 •••••••• '."'."

12 4.93 ••••••••••••••••
24 4. 90 •••••••••••••'.'
o 4.26 ••••••••••••••••

10 4.25 •••••••• """"
20 4. 26 •••••••• ,.,'.,••
o 3.50 •••••••••••••,._

12 4. 64 _•••••••••••••••
24 3.00 ••• , ••••••••••••
i8 ~:~,~•..,.....
20 2. 96
o 0.00

12 -,0.50
23 2.03
o 1. 21 •••••••••••••, ••

12 1.21 •••••••••••••, ••
22 1.30
o 2.00

11 1.67
21 1.95

4 I Dec. 23,1924

6 J~n. 7, 1925

Dec. 3, 1924 {

2 Dec. 9, 1924

4 Dec. 23, 1924

7 Feb. 28, 1925

6 Jan. 7,1925

3 Dec. 17,1924

6 Feb. 7, 1926

8 Mar. 10,1926

6 Feb. 7, 1926

11 Apr. 8, 1926

14 June 16, 1925

12 Apr, 23,1925

13 May 20, 1925

, ",

14 {~ g: :::~. }ott.Gr- Hlirbor.~.:.•••••••••._••.••••••_••••.

/

JC! {~, ~~, :::~. }otJ Scltuate.•__••••••__ •••_._••••••••••••• _••__•

17 {~~ ~ M~. }ott Mlnots Llglii•••••••••••••~••••••••••- ••--.-

I Frnm hydrometer reading.

Dec. 3, 1924

2 Dec. 9, 1924

3 Dec. 17, 1924

4 Dec. 23, 1924

6 Jan. 7,1926

6 Feb. 7,1926

11 Apr. 8,19'l1i

12 Apr. 23, 1925

14 June 16, 1926

2 :: :::: ~
3 Dec. 16, 192411

o 5. 62 ••••••••••••••••
24 5. 80 •••••••••••••, ••
o 5. 66 •••••,., ••••••••

12 6.62 •••••••••••••, ••
24 6. 10 •••••••••••••, ••
o 3.80 ••••••••••••••••

13 4. 50 ".'••••••••••••
26 4. 80 ••••••••••••••••
o 4.50 ••••••••••••••••

13 4.54 •••, ••••••••••••
26 4. 50 ••••••••••••••••
o 2.70 •••••••• _••••, ••

10 2.70 •••••••••••••, ••

2lJ ~;,g 'i32~M' ·'·26.'i4
12 -0. 10 132.92 26.46
'24 O. 50' I 32.95 ~ 46
o 6.U6· ••••••••••••••••

16 4.93 •••, ••••••••••••

ag ~~ ';ai:M' 24.87
12 6. 10 1 31. 62 25. 02
24 4.68 131.66 26.11
o 15.17 32.09 23.70

10 16. 14 32. 09 23. 72
26 6. 76 32. 66 26. 62

o 6. 83 .••••••••••••"•••
38 6.90 •••, •••••••••,_.
o 6.50 "."." ••••••••

18 6. 42 ••••••••••••••••
36 6. 50 •••, ••••••••••••
o 5. 16 ••••••••••••••••

16 6.34 •••••••••••••, ••
32 5. 20 _ ••••••••••_•••
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TABLI!l 17.--" Fish Hawk" stations in Ma8saehU86Us'andlpswich Ba'Y8.Decem.~er. 19B4,tQ JUM.
1~5~C()Dtinued

Sta
tIon Po,ltion General locality CmIse

Tem
Depth pera·

ture
Salin· Den-

ItY' sitt

--I·..,--~---I---------------I--I-----I------------
0 4.90

:::~::::I::::::::4 Dec. 22,1~ 19 4.63
85 4.50

·iii~oo --'24,'950 5.60

• 12 Apr. 23,1925 17 11.13 131.70 211.09

{g 18 15 N. }OlfM;Inots l.Ight___________•••_________________ 35 4.60 131.60 25.02
17 0 8. 70 131.60 24.58

44 oow. 13 May 20,1925 16 11.00 131.96 25.30
32 .3.68 182.20 25.46
0 15.00 32.23 23.86

14 lune 16, 1926 10 14.32 32.16 23.94
20 7.27 32.66 25.66
87 4.66 32.96 26.11

0 6.40 ......----- - ...................

)c~...... "' ................ • ...-----------1
8 Dec. 16, 1924 30 6.49 .................. ..................

60 5.45 .................... -....._.........

{42 16 30 N.
0 4.50 ---- ..-..--_........._-

18 70 32 30 W.
4 Dec. 22, 1924 I 32 6.03 ....._- ...._- ----_.._-

64 4.50 ...._-........ --_ ... _..._-
0 3.60 -------- .......- .........-

6 lan. 6.1925 32 3.67 -_.............. ..........._--
63 4.35 ........._--- --~-_ ..

'" 0 2.00 133.01 26.40
6 Feb. 6,1925 34 1.86 133. 08 26.48

68 2.00 -i3:i:i4" -·-26.-ii0 2.00
7 Feb. 24, 1925 36 1.70 132. 51 26.12

70 2.20 133.10 26.45
0 1.90 132.90 26.32

8 Mar. 10,1925 38 1.88 132.91 26.33
76 1.86 133.01 26.41

lSA {g 17 GO N. }____ .do _______•___• ___•__________•__________ •___ 0 6.40 131.86 26.05
30 30 W. 12 Apr. 23, 1926 36 4.00 132. 00 211.38

70 2.88 132, 48 26.92
0 8.16 131.60 24.63

13 May 20, 1925 40 3.71 132.29 26.68
80 3.08 182. 38 26.81
0 16.32 132.33 .._....._....

10 13.88 132.16
---~9414 lune 16, 1926 ' 20 6.11 32.96

40 3.66 33.39 26.57
79 3.23 33.24 26.48

{ 0 3.96 --_.........- -_......._--
}Otl Boston Harbor_________________•____________ {

6 lan. 6,1925 29 3.97 ...- ............. ...........__..
19 {g 32 00 N. 68 4.10 -iii-ii- ---26.-«

38 OOW. { 0 2.60
6 Feb. 6,1925 35 2.06 133.26 26.60

70 2.60 133.18 26.66

{g 44 GO N. }I~wIch 13ay.____.-_._.________•________________ { 0 3.00 131.47 26.07
20 lie 45 W.

9 Mar. 12, 1925 32 2.60 132. 94 26.31
64 2. 70 133.11 26. 42'

}__-d' ----,,---~-------~-----------l
0 3.00 130.71 24:44

9 •____do ._._.__ 21 2.81 133.08 26. 39
41 2.45 133.19 26.50

{'2 46 00 N.' 0 3.80 ---- ....._.. -_....._- ....
21 70 40 OOW 10 Mar. 26, 1925 32 2.71 ---- .._..- ...................-

64 2.82 -i2S:76" ---22:760 4.90
11 Apr. 7-8, 1925 20 2.62 -iii:iiO- ---26.-3839 2. 61

I
0 3.80 132.41 26.77

}____.dO--_____• __________••_--_-----_---:- •____ {
9 Mar. 12, 1926 16 2.46 132.86 26.26

32 {42 47 46 N. 30 2.44 132.94 26.81
70 43 30 W. 0 3.60 -------- ........oo_---

10 l'4ar. 26, 1925 20· 2. 72 --- ...---- ----,~---
39 2.48 ...-...----- ..........._--

~:.d7::=j
0 3.70 - ......_..._-- .........._--

{42."9 30 N. }___._do--,_---.--------._-________________________ {
10 40 ......._... _-- -................ -.........._--

as 79 2.89 :::::::f:::::70 40 oow. 0 4.60

.
11 37 2.43

75 2. 48 _...__ oo_ .........___......

I From hydroJDetetreadinl. I These water samples probably were transposed.
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TABLE 17.-" Fish Hawk" statiom in Ma8Bachu8ett8 and Ip8wiilh.Ba:ys, Deumber,19B4, to ItJ.ifl,e,
19B5;..;...contiDued .

Sta-
Tem· ,Salin· DllII'o

tlon Position GenerallocaUtY Cruise .Date Depth pera. . Ity sityture
---------

4 ,
" {e2 60 30 N. }IPSWICh B~y_____. ____________..__•____•________

0 3.60 ............ - ... .. -_....... -_..
24 70. 43 30 W.

10 Mar. 26, 192.~ 16 2.73 ..._- .. _- ... .. .................
33 2. 67 ........-.-.. - ...._..- .....

0 3.60 131.47 26.04

}._••do. _ •••••_ ••••••_ •••••••••_ •••••••••••••! 9 Mar. 12, 1920 26 2.40 132.47 26.16
49 2.44 133.02 26.39

{g 62' 00 N.
0 3.80 ................ ...................

26 40 00 W.
10 Mar. 26, 1926 38 2.63 -------- -.,. ..........--

76 2.90 - ...... - .... .. - .......- .......
0 4.76 .. _---- .... - ... _---- ...

11 Apr. 7-8, 1926 33 2. 87 .._------ - ......----
66 2. 78 -_............... ---....---

0 3.70 131.03 24.68

}__, ..do_,•. _....___________, ______________________ {
9 Mar. 12, 1926 I 17 2. 36 132.81 26.22

26 {~
63 30 N. 33 2.40 132. 94 26. 32
43 00 W. Mar. 26. 1926:.'

0 3.40· ............--- ....- ....- .....
10 12 3.27 ..... - ........ _- - ..........- .....

24 2. 64 ......._-- ..... ............-....

{g 64 30 N. }___.cdO___•_____________ •__._._________________. _.___do _______ { 0 3.35 ............._- -- ... _--_ ..
27 40 00 W.

10 38 2.63 --........_- ~-- ..-........
11 76 2.85 -------- .................

0 3.10 132.10 25.59

} ._•.d•••••_ .•••••_ .•••••••••.••_ •••••_ ••! 9 Mar. 12, 1926 22 2.60 132.70 26.10
43 2.60 133.21 26.52

{~ 66 OON;
0 3.60 --00____- ..................

28 , 41 46 W.
10 Mar. 25, 11125 18 2. 83 ......- .........- .._.._--- ..

37 2.59
0 4.20 "i29.-02- ---2rii4

11 Apr. 7-8, 1926 26 2.117 -i33.-i5- '--26~.761 .2.61

0 4.55 --- ... -- ..- -_.....-_.....
11 Apr. 8,1926 20 2.83 - ....._.._-- ....._.....- .....

39 2. 81 -iji:ij- ---2r720 4.20
12 Apr. 22,1925 22 4.23

-ij2~OO- ---25~47
.~ {g 38 00 N. }Otl Thatcher's Island•••__•••••"•••••••••• __•___ 44 3.66

33 30 W. 0 7.10 131.44
13 May 21,1925 32 3.38 '32.M

64 3. 21 '32.42 ---2i-ig

{
0 12.91 32.09

14 lune 17,11125 10 12.24 32.09 24.30
20 11.87 32.09 24.37
48 5.1.9 3~88 26.00

1

0 4.30 --- ........ _. -_.- ............
11 Apr. 8, 11125 42 3.13 _...- ............ -----_...-

84 3.1.1 -isr7g" ---26.-26
Apr. 22, 1u2~

0 4.00
12 4() 3.42 132. 38 26- 76

30 {~
38 00 N. I~Olling of Cape Ann____._••__.....______~________ 80 2.92 132. 82 26.17
26 OOW. 0 9.40 131.11 24.05

13 May 22, 11125 25 3.51 132.21 26. 65

j
60 3.30 132.21 25. 66
0 13.33 32.38 24.31

lune 17. 11126
10 12.08 32;66 24. 78

14 20 6.39 32.95 25. 91
40 4.23 33.24 26.38
75 4.04 33.24 26.40

0 4.05 132.02 24.45
11 Apr. 7, 1926 67 2.86 -ij2.·59- '--26~OO112 2.00

0 4.40 131;30 24.83

}On line Cape Ann-cape COd ___•___ •__~_______•
12 Apr. 22. 1925 42 2.63 13~.47 26.92

31 {~
30 00 N. 84 2.70 132.81 26.24
20 00 W. 0 9.40 131.27 24.17

13 May 21,1925 81 3.12
-ij2~5g- ---25~98162 3.10

0 12.94 32.66 24.61
10 9.11 32. 74 25.35

14 lune 17, 1926 20 6.46 33.10 26.14
40 4.00 33.17 26.35
94 3.47 33.24 26.4Q

1. From hydrometer reading. •Probably.tr~posed.
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TABLE 17.~HFish Hawk" stations in Ma3aachu36U4'G~ Iptwich., Ba'!llf,. December, 19B;4, to June,
19B5-Continued

Bta·

I
Tem· Salin. peD

tlOD Position Generallocalliy Cruise Date Depth Pera· Ity sitytore
---------

{ 0 4.40 .... -_ ......_- ......._..........

L 11 Apr. 7.~~ 30 3.33 ............... '..
~- .......-..-

60 2.72 'iiji:47' "'24~9i0 4.30
0 I . 12 Apr. 22,1~ 25 4.11 '31.66' 25.16

32 {~
23 00 N. }MldWay between Cape Cod and Cape ADD••••• /lO 8.00 132.41 25.84
15 00 W. 0 9.20 '31.66 24.50

13 May 21,1~ 35 3.40 132. i1 25.77
70 3.09 132.56 25.95
0 12. 43 32.52 24.61

14 June 17,1~
10 9.62 32.59 25.16
2Q 4.56 33.39 26.47
/lO 3.97 33.17 26.53
0 4.60 131.91 25.00

11 Apr. 7,1~ 40 3.69
'i33~i8' "'26~i680 2. 91

0 4.40 132.00 25.39
12 Apr. 22, 1925 32 4.18 132. 57 25.87

33 {~
15 OON. }North or Cape Cod... 64 3.06 132.65 26.01
10 OOW. _.. - ---- -------- ---- ---_ .....-.. 0 8.30 ' 131.74 24.68. 13 May 21,1925 25 5.04 '32. 26 25.54

/lO 3.28 132. 52 25.91
"

{
0 12.94 32.59 24. 56

14 JUDe 17,1925 10 11.81 32.45 24.65
20 5.20 33.17 26.22
50 4.09 33,17 26.34

j
0 4.40 132. 01 25.39

11 Apr. ,7,1925 22 2.,94
'i32~68' "'26~O644 3.12

0 4. /lO 131.86 25.26

OO'N.
12 Apr. 22,1~ 25 4.02 132. 01 25.44

34 e2 08 }Off Cape Cod •••••••••••••_••••••••• ,,,_,,,,,_, 50 3.48 132. 91 26.22
70 06 00 W.

j
0 9.00 131. 59 24.48

13 May 21,1~ 28 4.30 132. 29 25.62
56 3.31 132.36 25. 77
0 12,11 32.59 24.72

14 Jnne 17,1925 10 11.06 32. 38 24.711
20 5.56 33.03 26.06
56 3.91 33.10 26.29

I
0 4.40 1,31.26 24.81

12 Apr. 21,1925 22 4.23 131.66 25.14
44 3.66 131 86 25.34

e2 34 30 N. lOft Eastern Point, Gloucester•••_..._.......c•••
0 8.00 131. 47 24.54

35 70 38 OO,W'. 13 May. 22, 1925 112 3.78 '32.05 25.48
44 3.31 132.74 26.06

l
0 13.16 32.09 24.13

14 June 117,li125 10 12.72 32.16 24.27
20 12.03 32. 30 24.50
40 6.14 32.66 24.70

I
0 5.20 '31. /lO 25.06

12 Apr. 23,1925 22 4.83 131.70 25.12
44 3.95 131.70 25.15

}North'slde at M8SS8ChusettsBay, off Bakers
,0 6.115 1'31.87 24.99

36 {42 30 15 N. 13 May 22,1~ 23 3.99 132.51 25.78
70 43 15 W. Island. 46 3.72 132.47 25.82

{
0 13.53 32.23 24.16

14 Jnne 17,1925 10 12.16 '32.38 24.54
20 12.06 32. 66 24. 81
44 4.61 32.88 26.!!6

April 23,1925
0 4.20 131.,69 25.ts

12 19 4.83 1'31.75 25.16
38 4.60 132. 00 25.38

{42 28 OON. }Off Marblehead_•••••____._.~~ __"'..._ ••.;..__•••• f
0 8.72 131.71 24.60

37 70 48 00 W. 13 May22,:I~ l!Il 4.39 -_ ................ .......- .........
39 8.69
0 12.16 32.38 '''24~66

14 :rUDe 17,1~ 10 10.24 32.45 24.94
20 9.08 32.66 25.30
42 5.30 32.88 25.98
0 6.00 131.47 24.79

)00 N"'''''--------- -----------------------1
12 April23,l~ 13 4.57 '31.40 24.llO

26 4.75 132.09 25.30

38 {~
24 15 N. 0 9. '25 131.35 24.24

62 15 W. 13 May 22,1925 15 4.33 132. 02 25.41
30 3.86
0 12.7B ~'ij2::i6' --'2i~27

14 June 17,1925 10 9.75 32.52 25.08
20 8. 93 32.52 25.22
28 6.92 32.81 25.85

I From hydrometer reading.
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Date Latitude Longitude General loeallty Depth Temper.
ature

0 " ,
" 4mlles northeast (IllN.) from Cape Ann whistling buoy••_. ________ ._.___ { 0 6.150Apr. 17 42 41 30 70 28 30>

48 2.00

18 43 40 00 69 47 00 At Sell11ln tsland whlstllnl buoy____.~:- ••--••••-.-••••- .___ ._••_._. _____ • { 0 4.40
29 2.40

7 miles otI Great DuoIl: Island, oft Mountain Desert Island••••_••••___•••• \

0 3.10
18 3.05

19 4404 00 68 08 00 37 2.98
55 2.80
91 2.87

Platts Bank._____ •••_•••••••••_••_••_••__ ••••_••••_••___•••______••_____•. \

0 10.00
18 5.80

June 4 43 08 00 69 40 00 36 4.150
55 4.20
73 4.10

7 41 42 00 69 43 00 6 ml1es east of Chatham.__•••• ____ ._•• __••••••••••••••_._••••••_••••••"__w { 0 12.70
42 6.54

7 <l1 25 45 69 42 00 1 mile south·southeast from Round Shoal whlstllnl buoy.___ •••____• __•___ { 0 8.30
29 8.36

11 41 28 30 69 3<l 00 7 miles east from Round Shoal whistling buoy••••••_••____ ••__ •__• ___••••• { 0 11.60
37 6.34

July 9 44 10 15 68 16 30 1 mile west from Little Duck Island, Me••••••_••__ •_____ •__••____• ______ { 0 8.80
29 7.85

13 44 20 <IS 67 56 30 3~ miles west from Petit Manan Lilhthouse____••••___ •__• __ ••_. ___,____• { 0 10.150
?IT 7.76

15 44 13 15 68 14 80 2~ miles north·northeast from Little Duck Island••_____._ ••___•______ ."._ { 0 11.00
21 8.70

18 ~ mile northeast from White Is1end, Me._•••_•••••••••__ •______ •••_._". __ { 0 13.80-_....--_.. _.....- ---- .. ~.------ 42 6.72

Platts Bank___•__••••••••_.__ •___•••_.__._••• _••••_._••••_•••••_._•••_••-- {
0 18.80

20 .43 {Ill 30 69 40 30 37 7.00
80 4.43

22 43 35 00 70 07 00 Cod Ledges (oft Portland, Me.) •••__•••••__".~.~_•••••••••"~••••_•••••••_. { 0 14.40
20 8.52

23 43 07 <IS ,70 ,25 40 Between BQOne Island Ligbthouse and whistling buoy___••__•••••••,_••__ 44 5.43

~ mile northeest from Little Duck Island._•••••••••••_._••••••••••••••••_ {
0 11.10

Aug. 7 44 11 15 68 14 25 9 9.10
27 8.96

Round Shoal whistling buoy••••••••••_•••••__• ___••_•••••••_••••••• __••_. {
0 11.60

20 41 27 00 69 4300 13 11.36
22 11.20

1 mlle.east from Round ShOll! whistling buoy••••• ___••_•••••••••••••••__• {
0 11.60

21 41 27 00 69 41 15 9 11.58
20 11.60

'. 2 mll~ east·northeast from Round Shoal whistllug buoy_•••_••_••••••••_. {
0 11.60

21 41 28 20 69 40 20 15 11.150
26 11.70

21 41 25 30 69 41 20 l~mUes south·southeast from Round Shoel whistling buoy............... {' 0 ~30
2<l 13.20

23 <l1 21 00 :69 42 50 1,mile northeast from Rose and Crown buoy.__••••••••••• ___••••••••••••• { 0 16. 40
22 15. 56

21 41 25 80 69 .42 20 1 mile south of Round Shoe! buoy••___ •__._.____._._._._._•••• ____ •___• __• { 0 15.00
26 13.18

23 07 69 42 45 Greet Rip whistling buoy, MBS8••__ ••_. _____• _____•____•_____________•___ { 0 14. 10n 15 22 14. 42

•••••do. _.._••~__~••----------.------- •_____• _____ ._•• ____________ •__• ___ •__• {
0 13.80

24 41 07 15 69 42 45. 13 14.22
24 14. 25

24 41 08 00 69 37 00' 4 miles east from Greet Rip whistling buoy•••___•__________._.___>____ •••_,{ 0 13.80
16 14. 06
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Date Latitude Longitude General locality

14.40

16.60
12.06
7.07

16.60
8.68
6.96

1ll.20
9.34
6.14
6.90

14.70
4.90
6.00

13. 30
10.20
9.72

16.60
7.38

11.10
10.23

10.30
10.80
10.10

i:':l
10.16

9.30
9026
$.60
7.96

9.80
9.86
9.08
8. 76
8. 72

10.80
9.72
11.42

12. 20
12. 70
12. 78

11.60
12.00
12.00

11.60
11.86
13.64

lQ.60
8.118

10.80
9.26
11.16

10.30
8. 74
8. 74

10.80
9.«
9.38

13.30
11.90
11.86

22

o
18
36

o
27
61

o
61

o
18

o
18
33

o
18
42

o
18
37
80

o
18
37
66
91

o
18
49

o
13
26

o
13
24

o
13
26

o
31

o
9

Z1

If
18
37

o
11
22

o
16
33

Between Boone Island Lighthouse and whistling ~Oy_._._._._~. •__• {'

I
~ lillie north of Little Duck Island, Me -----._••~------------1

, .'

2~:mnesnortheast of Little Duck Island, Me. : ~{

1~ ~lIes west 01 Petit Manan Llghthouse •__ , • • :_~ i{

Mount Desert Rock .. • • ~__" "_....__... {

. '\Of!' Mount Desert Rock .~ • __•• ". .""_

3 43 07 00, 6937 30 Platts Bank. ~------------{ ~!

I 0
Between Platts Bank and Portland, Me ·------••-----C-iiiii- {

1~ mUes east-southeast from White Island, Me • • { 2g
31

8 43 18 30 69 40 00

4 -----... ~----- ..--..----_._-

6 43 07 46 70 26 46

9 « 11 16 88 16 00

10 44 13 16 '88 " 13 16

14 « 21 30 ~.64 00

Of! Swans Island whistling buoy, Me •__• __• ~_. ••••_"__..:_~ {

2 mUes, northeast of Rose and Crown buoy_._._' ._'_".}.~•• " ,_. {

1~ miles south of Round Shoa :buoy • •• - ------------ {

6 mHes southeast of Round Shoal buoy • • ._. {

~ mUe northeaStrtorir DrllIilLedge buoy, Mount'D_rL ..:•• {

2~ miles northeast !rem Little Duck Island • • {

16 44 09 30 68 12 00 2 miles southeast from Little Duck I~and • • . __. {

22 41 26 30, 69 42 30 Round Shoal whistling buoy 1 mile south _•••_•• • __•__• __._--~."__._ {

Z1 41 17 46 71 00 00 Vineyard Sound whistling bUOy ------ ,{

16 43 Ml 00 88 08 30
I,,'

16 « 04 00 '68 07 00

16 44 06 00 ,68 26 30

OCt. 1 41 21 46 69 42 00

41 26 00 69,42 00

1 41 24 00 611 37 00

14 44 09 00 88 18 00

16 44 12 60 68 13 00

"AUC. 24 41 10 00 69 40 00 Oft Great Rlp ••__._._.__•••••• ••_•• • __

26 42 1800 70 19 30 8tellwagen Bank :~__ ~__•. . • • ••_. ••__ {

Sept. 2 42 47 00 70 19 00 Northwest prong"of leftreys ~1Il~-------.---------.-----.-.----__._. {
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TABLI!l18.-Temperature8 taken from the "Halcyon" in.19S5, 8tatio~ not~mbered-C<lntinued

00
8
2

30
o

Date Latitude Longitude General locality Depth Tempera
t~

°
, " 0 , 11

21 miles east of Block Island••~•••••• ~•••••••••••.••••••••••• ~ •••••.••••••• {
0 13.

27 41 11 00 71 28 00 11 11.1
22 11.7

28 41 11 40 70 51 15 )1 mile west of No Mans Land gas and whl$tlllli bUoy••••••~••.••••••••" {
0 13.

18 12.1

TABLE 19.-"Albatro88 II" 8tation8, 19B8

6
9

93
1

88

03

Station Date , Position General locality Depth Temper,,· Salinity Densityture l

--- ---------
0 ,

}Oft Gloucester••••..•••"•.••••••••••••••••~••••••••••••••••l 0 18.00 31.89 22.

{42 30 N.
20 9.30 32. 60 25.2

I.102OO Aug. 11 70 17 W.
40 6.80 32. 82 25.

100 4.75 32.83 26.01
180 4. 72 32.86 26.

jom..«c... Cod••••- ' ••••••••••••••~•.••••••••.••···1
0 19.40 ""32:SS. ""'25:3'20 9.65

20201 Aug. 12 {42 12 N. 40 4.71 33.05 26.1
69 13 W. 100 3.70 33.37 26.55

150 4. 57 ""33:94' ·····26:SS190 6.00

}Northwest edge of Georges Bank•••••••••••••••••••••••• {

0 15.00 32.59 24.24

20202 •••do •••• {M 48 N. 15 12.25 32.93 24.96
lOW. 35 10.60 32.97 25.28

55 7.45 --- ......_....... --- .........._...-

}North edge of Georges Bank.. •••••••••••••~ •••~ ••••.••.•. {

0 14.70

} 32.70

r""'"20203 Aug. 13 e2 06 N. 20 11.00 to ... _------ ...
67 18 W. 40 10.30

60 8.30 32.98

}Northeast edge of Georges Bank•••..•••••••••••••••.••••• {
0 17.77 32.45 23.39

:10204 •••do •••• {~
fY7 N. 20 10.95 32.84 25.12
40 W. 40 7.80 3291 25.68

70 6.30 33.04 25.99

}East end of Georges Bank•••••••••••.•.••.••.••••••••••• {
0 17.20 32.59 23.66

20205 Aug. 14 {~
51 N. 20 12.02 32.78 24.88
18 W. 40 8.90 32.93 25.53

60 8.80 32. 96 25.57

}Northeast part of Georges Bank••••••••••••••••••••••••• {

0 16.94 32.57 23.69

20206 Aug. 15 {~
58 N. 20 11.30 32.68 24.94
26 W. 40 7.60 33,04 25.81

60 6.10 33.fY7 26.03

}East end of Georges Bank•••••••_..... _•.••••••••••••••• {
0 15.50 32. 60 24.03

20207 Aug. 17 e1 53 N. 20 14. 70 32.66 24.25
66 22 W. 40 10. 05 32.95 25.36

70 7.95 33.06 25.78

}••••dO._••••••••: ••.•••••••••••••••••••••••••••••••••••• {
0 15.83 32.60 24.11

20203 Aug. 18 {~
46 N. 20 11.80 32.82 24. 95
26 W. 40 10. 00 32.89 25.32

60 9.10 32.94 25.51

jaou.....""«......"""«.......""'..•...•..• (

0 16.60 32.54 23.7.
20 16.70 32. 54 23.72

~ Aug. 19 {~ 28 N. 40 13. 10 32.80 24.69
05 W. 100 5.70 33.83 26. 69

200 6.60 34.79 27.33
300 6.40 34.86 27.41

}BBSln. oltinll' of Mount Desert•••••••~...................l 0 16.60 32. 73 23.88

{~
11 N. 20 15.90 32.78 24.08

20210 Aug. 20 41 W. 40 6.60 33.08 24.98
100 4.50 33.57 26.62
200 5.80 34.15 26.93

I~Near M~uilt DesertR6ck••••••••••••••_••••.••••• ___•.. ·{

0 14.17 ""32.'00'
{:: 5ON. 20 12.15 25.00

20211 ••..do •••• 33 W. 40 9.20 33.06 26. 59
100 5.60
150 6.05 ·..·34:is· "'--2ii:00

I Probable error ±0.1°.
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